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ABSTRACT 

» 

Measurements  were  made  of  the  ground  contribution  to  the  reduction  factor 
at  several  locations  in  several  typical  American  houses.  Comparisons  are  made 
between  experimental  results  and  Engineering  Manual  calculations  for  the  vari¬ 
ous  locations.  Comparisons  are  also  made  between  different  houses  to  observe 
the  effects  of  changes  in  structural  parameters,  such  as  variations  in  exterior 
wall  mass  thickness. 

In  general,  Engineering  Manual  results  agree  well  with  experimental  results 
in  the  first  story  measurements  of  the  ground  contribution.  The  agreement 
for  basement  measurements  seems  to  be  a  function  of  the  location  and  elevation 
of  the  point  in  question.  Agreement  is  good  for  locations  in  the  lower  half 
of  the  basement.  However,  as  the  locations  approach  the  basement  ceiling  experiment 
and  calculations  may  disagree  by  as  much  as  a  factor  of  two  or  three  for  the 
ground  contribution.  The  calculations  are  usually  on  the  conservative  side 
when  discrepancies  are  noted. 

The  Engineering  Manual  predicts  a  steady  increase  in  the  reduction  factor 
as  the  detector  location  is  moved  toward  the  basement  ceiling  along  the  vertical 
centerline  of  the  test  structure.  This  trend  was  not  observed  experimentally. 

The  reduction  factors  showed  a  weak  dependance  on  the  elevation  in  the  lower 
half  of  the  basement  and  displayed  a  significant  decrease  as  the  basement  ceiling 
was  approached. 

Four  types  of  Engineering  Manual  Calculations  were  performed  for  the  purpose 
60  * 

of  comparison;  a  Co  energy  spectrum  was  used  in  conjunction  with  Eisenhauer's 
floor  attenuation  factor  and  the  usual  floor  barrier  reduction  factor;  the  same 
calculations  were  performed  using  a  1.12  hour  fission  product  spectrum.  It  was 
found  that  the  energy  spectrum  made  little  difference  for  above  grade  calculations, 
but  significant  differences  were  noted  below  grade. 
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I.  INTRODUCTION 


\ 

specif-i-fc  objective  of  Lhis  work  was  the  experimental  measurement  of 
reduction  factors  in  the  basement  of  several  typical  full  scale  American  houses 
situated  in  a  simulated  infinite  plane  fallout  field. 

The  test  structure  was  a  typical  30'  x  40*  house  with  special  design 
features  which  allowed  the  variation  of  the  exposed  basement  wall  height,  ex¬ 
posed  basement  wall  mass  thickness,  exterior  wall  mass  thickness,  and  the  in¬ 
terior  partition  configuration. All  the  apertures  and  ground  floor  entrances 

i  \ 

were  placed  in  symmetrical  positions  which  allowed  the  plane  fallout  field  to 
be  simulated  in  only  one  quadrant  of  the  field.  The  plane  source  was  simulated 
by  a  ^Co  pumped  source  circulation  system.  The  source  was  pumped  through 
polyethylene  tubing  arranged  in  quarter  annular  areas  centered  on  and  extending 
from  the  center  of  the  test  house  to  a  radius  of  169*.  Measurements  were  made 
in  a  grid  pattern  in  the  basement  which,  after  symmetry  consolidations,  results 
in  data  at  seven  points  in  one  qu&v'  At  of  the  basement  at  two  different 
elevations.  In  addition,  measurements  were  made  at  one-foot  intervals  along 
the  vertical  basement  centerline  and  the  first  story  vertical  centerline. 

The  upstairs  detectors  were  never  moved  with  respect  to  ground  level.  The 
basement  detectors,  however,  were  raised  and  lowered  with  the  floor  panel  in 
order  to  maintain  constant  solid  angle  fractions  subtended  by  the  floor. 

The  broad  objective  of  this  work  was  to  provide  experimental  data  for  com¬ 
parison  with  results  of  theoretical  structure  shielding  analysis.  In  addition, 
the  data  could  be  used  to  specifically  indicate  the  weak  points  and  the  strong 
points  in  the  analysis  methods  currently  in  use. 

Current  methods  in  structure  shielding  analysis  are  based  largely  on  the 
work  of  Spencer  and  Eisenhauer  (1.-3) .  Basic  data  provided  by  Spencer  on  the  pene¬ 
tration  of  gamma  rays  through  barriers  have  been  used  by  Eisenhauer  to  develop 
geometry  factor  and  reduction  factor  design  curves  which  have  found  wide  use  in 
the  "Engineering  Manual"  method  of  structure  shielding  analysis  (4_) . 

Many  assumptions  and  approximations  were  necessary  in  the  development  of 
the  design  curves  used  in  the  Engineering  Manual.  Several  experiments  (7^-13) 
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have  been  done  to  try  to  determine  the  validity  of  the  necessary  assumptions 
and/or  to  try  to  make  specific  recommendations  as  to  proposed  modifications. 

Most  of  these  experiments  however,  were  scale  model  studies  or  "simple  structure" 
studies  which  have  not  adequately  covered  the  range  of  possible  variables  for 
typical  residential  type  structures. 

The  data  are  reported  in  the  form  of  reduction  factors  with  associated  68 
percent:  confidence  limits.  The  raw  data  were  corrected  for  temperature  and 
pressure  variations  and  normalized  to  a  standard  dose  rate  of  480  R/hr  per 
Ci/ft2  (6). 

The  experimental  procedure  and  facilities  are  described  in  detail  in 

Section  II,  The  experimental  work  was  under  the  direct  supervision  of  Mr.  Roger 

S.  Reynolds.  Support  work  in  far  field  contribution  studies,  Engineering  Manual 

60 

calculations,  generation  of  Co  design  curves,  and  computer  programming  were 
carried  out  jointly  by  Messrs.  Charles  A.  Burre,  Richard  M.  Rubin  and  Roger  S. 
Reynolds « 
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II,  THE  EXPERIMENTAL  STUDY 


2.1  Introduction 

The  specific  goal  of  the  experimental  study  was  to  measure  the  reduction 
factors  at  several  locations  in  twenty  typical  American  houses  for  a  simulated 
infinite  plane  source  of  fallout  radiation.  In  this  section  experimental  facil¬ 
ities  and  methods  are  discussed  in  detail.  Experimental  results  and  comparisons 
are  discussed  in  Section  IV. 

2.2  Description  of  Facilities 

2.2.1  The  Test  House 

The  experiments  were  conducted  at  the  Kansas  State  University  Nuclear 
Engineering  Shielding  Facility  (KSUNESF) .  The  Facility  is  a  180-acre  plot  of 
land  located  5  miles  west  of  Kansas  State  University,  It  is  accessible,  yet 
isolated  as  required  for  radiation  shielding  studies. 

The  test  structure,  shown  in  Figure  2-1,  is  a  30*  x  40'  "typical"  American 
house,  with  a  full  basement.  The  term  "typical"  applies  to  the  size  and  the 
construction  materials  used  in  the  structure.  The  overall  design,  however,  is 
unique  in  that  several  houses  may  be  simulated  by  making  various  physical 
changes  in  the  actual  structure  (shown  schematically  in  Figure  2-2) . 

The  most  unusual  feature  of  the  test  structure  is  the  floor  panel.  The 
floor  is  a  stressed  skin  sandwich  panel  detached  from  the  house  itself  and 
supported  by  jack  posts  located  in  the  basement.  This  allows  a  great  deal  of 
flexibility  in  that  any  extent  of  exposed  basement  wall  between  0  and  3  feet 
may  be  simulated  by  raising  or  lowering  the  floor  panel  on  the  jack  posts. 

The  panel  itself  is  a  very  rigid  structure  and  no  noticeable  deflection  can  be 
observed  across  the  entire  test  structure  when  the  floor  panel  is  supported  at 
eight  places  around  the  edges. 

Concrete  blocks  stacked  around  the  perimeter  allow  the  simulation  of  vari¬ 
ous  mass  thicknesses  of  the  exposed  basement  wall.  At  the  present  time  the  capa¬ 
bilities  are  5.5  psf  with  no  blocks,  45.5  psf  with  one  course  of  blocks,  and  85.5 
psf  with  two  courses  of  blocks.  These  variations  encompass  most  of  the  values 
of  interest  encountered  in  typical  residential  problems  in  structure  shielding. 


Freest  concrete  panels  ate  available  at  the  KSUKE5F  for  use  in  simulating 
brick  veneer  construction  far  the  exterior  walls.  With  bo  panels  in  place,  the 
exterior  vail  boss  thickness  is  5.5  psf,  When  the  panels  are  installed  a  45.5 
psf  exterior  wall  results.  A^dn,  these  values  satisfactorily  encompass  the 
range  of  values  usually  encountered  in  typical  residential  structures. 

In  addition  to  the  above  capabilities,  wood  frame  partitions  are  available 
for  simulating  roes  layouts  inside  the  structure  in  order  u  observe  the  effects 
of  interior  partitions  on  the  reduction  factors.  At  present  this  capability 
exists  for  floor  heights  of  0  and  3  feet. 

The  mass  thicknesses  of  the  construction  materials  used  in  the  test  house 
were  determined  experimentally  by  taking  random  samples  of  the  actual  materials 
and  measuring  the  mass  thiekne?®  in  pounds  per  square  foot  (psf).  Fallout 
simulation  areas.,  figure  2-3,  we’-e  graded  to  a  slope  of  i.S  percent  to  a 
radius  of  200  feet.  Tubing  extended  out  to  169  feet,  however,  and  the  remaining 
area  was  used  as  a  drainage  table. 

Figures  2-4  through  2-22  are  detailed  drawings  of  the  test  house,  the 
exterior  wall  panels  and  the  basement  exposure  blocks. 

2.2.2  Detectors 

2. 2.2.1  10  mR  Ionization  Chambers 

Ionization  chambers  were  used  in  the  experiments  when  the  exposure 
in  the  structure  was  less  than  10  milliroentgens  (mR).  This  was  generally  the 
case  in  the  second  and  third  tubing  areas  for  basement  measurements.  The  chambers, 
used  were  Victoreen  Model  239  stray-radiation  chambers,  4.5  inches  long,  2  inches 
in  diameter,  with  a  bakelite.  wall  thickness  of  1/16  inch.  The  detectors  were 
used  in  conjunction  with  a  Technical  Operations,  Inc.  charger-reader,  designed 
for  the  Victoreen  chambers. 

2. 2. 2. 2  Thermoluminescent  Dosimeters  (TLD) 

The  TLD  were  used  in  the  experiments  when  the  exposure  was  in  excess 
of  10  mR.  This  generally  occurred  in  the  first  area  basement  measurements 
and  in  most  of  the  upstairs  measurements.  The  dosimeters  used  were  CaFjtMn, 
manufactured  by  Edgerton,  Germeshausen  and  Grier,  Inc.,  (EG&G)  model  TL-12.  The 
TLD  is  a  wide  range  gamma  device  capable  of  measuring  total  exposures  in 
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the  range  from  about  I  mR  to  50,000  R.  The  overall  dimensions  are  1.68  inches 
long  by  0.40  inches  a  t  diameter.  The  TLD  were  used  in  conjunction  with  an 
EG&G  reader  which  provides  a  permanent  strip  chart  readout  calibrated  in  mR. 

2.3  Experimental  Methods 

2.3.1  Plane  Source  Simulation 

60 

A  plane  source  of  fallout  was  simulated  by  Co  sources  using  a  hydraulic 
source  circulation  system. 

The  source  circulation  system  (Tech/Ops.  Model  539)  consists  basically  of 
five  components:  the  ^Co  source,  the  source  storage  container  (a  2,200  pound 
lead  pig),  the  hydraulic  reservoir,  the  pump  console,  and  the  polyethylene 
tubing.  Approximately  15,000  feet  of  tubing  were  used.  The  tubing  was  Union 
Carbide  type  DFD-0600  with  0.25  percent  American  Cyanamid  UV531  ultraviolet 
inhibitor.  The  tubing  dimensions  are  5/8  inch  outside  diameter  and  3/8  inch 
inside  diameter.  Sources  were  calibrated  using  a  Victoreen  model  570  R-meter 
calibrated  by  the  National  Bureau  of  Standards.  During  calibration,  both  the 
source  and  meter  were  suspended  from  50  foot  towers  at  the  KSUNESF. 

2.3.2  Quality  Control 

A  quality  control  program  is  necessary  in  order  to  insure  predictable 
operation  of  the  dosimeters.  The  ionization  chambers  are  very  sensitive  to 
moisture  and  dust.  If  the  dosimeters  have  accumulated  dust  or  moisture  the 
readings  may  be  off  scale  or  unstable.  Consequently  the  chambers  were  baked 
out  at  100°  F.  at  regular  intervals,  which  is  the  manufacturers  recommended 
procedure.  In  addition,  the  dosimeters  were  encased  in  plastic  "freezer"  bags 
to  minimize  the  dust  problem.  When  cleaning  was  necessary  acetone  was  used. 

A  heavy  duty  dehumidifier  was  also  placed  in  the  basement  of  the  test  structure. 

The  TLD  are  insensitive  to  dust,  moisture,  and  normal  outside  temperature 
changes.  However,  a  thermoluminescent  device  does  accumulate  a  residual  dose 
after  extended  use.  This  has  the  effect  of  reducing  the  sensitivity  in  the 
lower  exposure  ranges  (less  than  5  mR)  and  building  up  a  high  temperature  "tail" 
which  affects  the  primary-peak  readings.  This  residual  dose  can  be  removed  by 
annealing  the  dosimeters  at  350° C  for  approximately  30  min.  This  procedure 
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was  adopted  and  the  TLD  were  annealed  in  this  manner  when  the  accumulated 
exposure  was  in  the  vicinity  of  150  mR.  After  very'  long  use,  nominally  100 
reader  cycles  per  dosimeter,  permanent  damage  results  which  cannot  be  removed 
by  the  suggested  annealing  procedure.  In  this  case  the  dosimeters  were  annealed 
at  350°C  for  about  8  hours  and  were  not  subsequently  used  in  cases  where  the 
exposure  was  less  than  5  mR. 

The  TL-12  dosimeters  also  accumulate  a  background  dose  of  about  1  mR  per 
day  due  to  the  bonding  material  used  in  the  device.  This  is  easily  removed 
by  a  reader  cycle  or  a  brief  oven  bakeout  procedure,  and  must  be  done  before 
each  experiment. 

In  addition  to  the  precautionary  measures  discussed  the  calibration  data 
for  all  of  the  detectors  were  checked  at  regular  intervals  to  make  sure  no 
long  term  changes  were  taking  place.  Some  small  changes  were  noted  in  the 
TLD  data  after  the  rather  severe  8  hour  annealing.  The  calibration  procedure 
is  discussed  in  detail  in  Appendix  C. 

2.3.3  Test  Parameters  and  Detector  Locations 

Table  2-1  is  a  list  of  the  experiments  and  the  variable  parameters  corres¬ 
ponding  to  a  particular  test.  There  were  two  major  categories  in  the  test 
sequence:  thin  wall  cases  (Xg  =5.5  psf)  and  heavy  wall  cases  (Xg  =  45.5  psf). 
Within  each  category  there  were  variations  in  extent  of  exposed  basement  wall 
and  in  the  mass  thickness  of  the  exposed  basement  wall.  The  notation  of 
"partitions  in  place"  refers  to  a  standard  nine  compartment  grid  layout  on  the 
first  floor  (Figure  2-6) . 

The  detector  locations  are  shown  in  plan  in  Figure  2-23.  The  grid  shown 
was  chosen  to  facilitate  interpolation  of  data  or  theoretical  calculations  if 
necessary  or  desired.  Each  quadrant  in  the  basement  is  symmetrical  with  respect 
to  any  of  the  other  quadrants.  Such  a  grid  was  necessary  in  order  to  do  quarter 
symmetry  measurements.  The  detector  locations  are  shown  in  elevation  in  Figure 
2-24  for  the  four  floor  heights  used  in  the  experiments.  The  grid  locations 
shown  in  Figure  2-23  (other  than  the  center  one)  are  placed  at  two  elevations 
as  shown  in  the  off  center  locations  in  Figure  2-24.  Basement  and  upstairs 
centerline  data  were  accumulated  at  the  positions  indicated.  It  should  be  noted 
that  the  solid  angle  fractions  for  the  basement  detectors  remain  constant. 


CT5K  - 
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The  quarter  symmetry  consolidations  result  in  the  final  grid  pattern  shown 
in  Figure  2-25.  The  grid  point  numbers  are  used  to  facilitate  reference  to  the 
reduced  data  shown  in  Section  IV.  The  numbers  and  the  grid  height  uniquely 
determine  the  position  of  interest  in  the  test  structure. 

2.3.4  Data  Acquisition  and  Analysis 

The  experiments  were  designed  to  provide  reproducible  results  while  econo¬ 
mizing  the  time  required.  Data  were  accumulated  at  each  of  the  locations  for 
each  of  three  areas.  At  least  three  source  runs  were  performed  successively 
for  each  area.  An  effort  was  made  not  to  place  the  same  dosimeter  at  the  same 
location  in  successive  runs.  After  each  source  run  the  dosimeters  were  read 
out  and  simultaneously  zeroed  which  prepared  them  for  the  next  run. 

The  chamber  data  were  read  out  and  immediately  recorded  since  no  permanent 
record  of  the  exposure  is  available  with  the  system  used.  The  TLD  were  read  out 
and  the  strip  charts  filed  and  recorded  appropriately.  All  of  the  data  were 
eventually  put  on  punched  cards  for  digital  computer  processing  using  the  IBM 
360/50  system  at  the  Kansas  State  University  Computing  Center. 

There  are  two  major  steps  in  the  data  analysis:  (1)  reduction  of  the  raw 
dosimeter  data  to  calibrated  results,  and  (2)  reduction  of  the  calibrated  dosi¬ 
meter  data  to  meaningful  grid  point  location  results.  These  two  steps  are  per¬ 
formed  in  two  computer  codes  written  for  that  purpose.  The  first  step  io  per¬ 
formed  using  a  code  called  DATARED  which  applies  the  dosimeter  calibration  data 
to  the  raw  input  data,  makes  the  necessary  temperature  and  pressure  corrections 
to  the  chamber  readings ,  and  normalizes  the  data  to  a  standard  exposure  rate 
of  480  R/hr  per  Ci/ft  .  As  these  calculations  proceed  the  appropriate  68  per¬ 
cent  confidence  limits  are  also  calculated  for  each  dosimeter  reading. 

The  second  step  is  performed  by  a  code  called  DATASUM.  Punched  output 
from  DATARED  and  some  additional  control  information  are  used  as  input  to 
DATASUM.  DATASUM  averages  the  area  data,  calculates  the  far-field  contribuitlon, 
performs  the  symmetry  consolidation  and  finally  yields  the  experimental  ground  con¬ 
tribution  reduction  factor  by  the  usual  superposition  technique.  The  calculation 
of  the  far-field  contribution  is  discussed  in  Appendix  E. 
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TABLE  2-1 

Parameter  Variations  for  Test  Houses 

X^  *  mass  thickness  of  first  floor  =  12.0  psf. 

h  =■  height  of  top  of  floor  panel  above  grade,  ft. 

X  =  exterior  wall  mass  thickness,  psf. 
e  r 

Xw  =  exposed  basement  wall  mass  thickness,  psf. 


House 

h 

X 

—e 

X 

-w 

Partition! 

1 

0 

5,5 

- 

None 

£ 

1 

5.5 

45.5 

Hone 

3 

1 

5.5 

85.5 

None 

4 

2 

5.5 

85.5 

None 

5 

2 

5.5 

45.5 

None 

6 

3 

5.5 

45.5 

None 

7 

3 

5.5 

85.5 

None 

8,9 

3 

5.5 

5.5 

None 

10 

3 

5.5 

45.5 

In  Place 

11 

0 

5.5 

- 

In  Place 

12 

0 

45.5 

- 

None 

13 

2 

45.5 

45.5 

None 

14,16 

2 

45.5 

85.5 

None 

15 

1 

45.5 

45.5 

None 

17 

3 

45.5 

85.5 

None 

18 

3 

45.5 

45.5 

None 

19 

3 

45.5 

45.5 

In  Place 

20 

0 

45.5 

— 

In  Place 

9 


The  68  percent  confidence  limit  associated  with  the  final  result  includes 

the  following  errors :  (1)  random  error  encountered  in  the  calibration  of  the 

dosimeters,  (2)  random  error  associated  with  each  source  run,  (3)  least  squares 

error  encountered  in  the  evaluation  of  the  far-field  contribution,  and  (4)  the 

60 

systematic  error  associated  with  the  source  strength  of  the  Co  source  used. 
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III.  THEORETICAL  CALCULATIONS 


3.1  Introduction 

This  section  describes  the  methods  used  in  the  calculation  of  theoretical 
reduction  factors  in  the  test  house,  as  well  as  the  method  employed  in  calcu¬ 
lating  the  far  field  contribution  to  the  measured  reduction  factors.  Engineering 
Manual  (EM)  calculations  were  performed  using  the  floor  barrier  reduction  factor 
as  published  in  the  July  1968  edition  of  TR-20  and  using  the  attenuation  factor 
developed  by  Eisenhauer,  as  published  in  the  1969  edition  of  TR-20.  The  cal¬ 
culations  were  done  for  an  energy  spectrum  representing  fallout  as  well  as  for 
«°Co. 

3.2  Engineering  Manual  Detailed  Procedure 

Several  approaches  were  used  to  obtain  estimates  of  the  theoretical  re¬ 
duction  factors  in  the  test  house:  (a)  hand  calculations  using  TR-20  Volvl*  (b) 
the  CAPS-2  computerized  method  (16) ,  (c)  the  Home  Fallout  Protection  Survey  (HFPS) 
computerized  method  (17)  and  (d)  a  computerized  method  developed  and  designed 
specifically  for  the  KSUNESF  structure. 

The  hand  calculations  were  valuable  in  estimating  the  range  of  values  that 
might  be  expected  in  the  theoretical  calculations.  It  was  found  however  that 
significant  variations  occurred  in  the  results  because  of  various  interpre¬ 
tations  possible  in  the  charts.  This  fact  coupled  with  the  economics  of  performing 
many  calculations  yielded  to  method  (d)  above. 

CAPS-2  is  based  on  the  computational  techniques  and  charts  in  PM-100-1 
"Design  and  Review  of  Structures  for  Protection  from  Fallout  Gamma  Radiation," 
specifically  the  detailed  procedure  from  the  Engineering  Manual.  Disagreement 
between  CAPS-2  and  hand  calculations  will  arise  from  too  major  areas,  the 
accuracy  obtainable  in  reading  the  charts  in  the  Engineering  Manual,  and  the 
fact  that  input  to  the  CAPS-2  computer  code  is  limited  to  fixed  incremental 
values  of  the  design  parameters.  In  the  particular  case  of  the  KSU  test  struc¬ 
ture  the  aperture  height  is  7.5  feet  while  the  nearest  input  available  in  CAPS-2 
was  7.0  feet.  In  the  thin-walled  cases  this  would  have  the  effect  of  raising 
the  CAPS-2  reduction  factors  because  more  scattering  surface  is  available. 


The  HFPS  system  uses  3  standard  houses  with  various  construction,  materials 
to  calculate  protection  factors  via  a  "table  look-up"  technique.  The  KSU  test 
structure  was  compared  with  the  type  I  home  for  the  construction  materials  re¬ 
ported.  The  reduction  factors  are  expected  to  be  higher  for  the  HFPS  calcu¬ 
lations  because  of  the  conservative  nature  of  the  method.  In  addition  to  the 
conservative  nature  of  the  HFPS  technique,  reduction  factors  are  only  available 
at  the  center  of  the  basement  and  in  the  "best"  corner,  consequently  few  com¬ 
parisons  are  realized  as  opposed  to  the  CAPS-2  results  where  all  of  the  KSU 
detector  locations  may  be  calculated  explicitly. 

A  computer  program,  ENGMAN,  was  written  at  KSU  to  calculate  economically 
and  rapidly,  reduction  factors  of  interest  and  to  have  a  consistent  set  of  results 
available  for  comparison.  Tabulated  Engineering  Manual  charts  were  available 
(5)  for  use  in  the  code  and  linear  interpolation  was  used  to  obtain  values  not 
specifically  listed.  A  detailed  description  of  the  functional  expressions  used 
and  the  methodology  employed  are  given  in  Appendix  A.  Mr.  J.  L.  Dirst  of  OCD 
provided  KSU  with  CAPS-2  calculations  for  Test  1  at  the  standard  grid  point 
locations  shown  in  Figure  2-25.  In  this  investigation,  only  the  ground  contri¬ 
bution  to  the  reduction  factors  in  the  test  structure  were  of  interest,  con¬ 
sequently  the  Input  to  CAPS-2  specified  an  infinite  overhead  mass  thickness  in 
order  to  eliminate  the  roof  contribution.  Unfortunately,  this  also  eliminated 
the  skyshine  contribution  through  the  roof.  If  this  contribution  is  subtracted 
from  the  KSU  calculations  the  agreement  between  CAPS-2  and  the  KSU  calculations 
is  very  good,  as  indicated  in  Table  3-1.  It  is  felt,  therefore,  that  the  KSU  cal¬ 
culations  are  consistent  and  representative  of  the  best  Engineering  Manual 
predictions  available. 

In  addition  to  the  ENGMAN  capability  just  discussed,  Engineering  Manual 
design  charts  for  a  *^Co  energy  spectrum  were  developed  (Appendix  B)  for  the  para¬ 
meters  of  interest  in  this  work.  Therefore,  Engineering  Manual  type  calculations 
may  be  done  for  the  actual  fallout  simulation  spectrum  used. 

3.2.1  Floor  Barrier  Reduction  Factors 

ENGMAN  has  the  option  of  using  either  of  two  forms  of  the  floor  barrier 
reduction  factor  for  either  of  the  two  energy  spectra  possible.  One  option  uses 
the  usual  form,  B^CX^)  as  published  in  the  July,  1968  edition  of  TR-20  Vol.  1. 


TABLE  3-1 


Comparison  of  CAPS-2  and  KSU 
Engineering  Manual  Calculations 
for  House  1 


Grid  Pt. 
Number 

Height 

CAPS-2 

KSU* 

KSU** 

1 

3* 

.0078 

.0072 

.011 

2 

3* 

.0086 

.0090 

.012 

3 

3’ 

.012 

.013 

.018 

4 

3’ 

.011 

.012 

.017 

5 

3* 

.0069 

.0081 

.0093 

6 

3* 

.013 

.013 

.018 

7 

3’ 

.012 

.013 

.017 

*  Without  roof  skyshine  component 
**  With  roof  skyshine  component 


Elsenhauer  (14)  has  proposed  a  new  barrier  factor  which  depends  on  the  solid 

angle  fraction  subtended  as  well  as  the  overhead  mass  thickness,  B^(X^,uj).  This 

barrier  factor  is  used  in  the  July,  1969  edition  of  TR-2Q.  B  (X  )  is  well  known 

c  c 

and  its  use  will  not  be  discussed  here. 

* 

Elsenhauer* s  formulation  is  an  attempt  to  more  accurately  represent  the 
"in-and-down"  contribution  to  the  exposure  rate  in  the  basement  and  is  based  on 
an  optimization  of  agreement  with  experimental  attenuation  in  the  basement 
celling,  rather  than  an  optimization  with  the  experimental  reduction  factors. 

The  detailed  points  of  the  philosophy  and  reasoning  behind  the  recommended 
correction  are  discussed  in  (14) .  The  functional  form  suggested  is  shown  below 
in  equations  (3.1)  and  (3.2)  for  the  two  energy  spectra  of  interest. 


n./vt  \  n  q  e  -2.3W.  -0.10X*  ,  0  c  -2.3w  -0.040X* 

B^(X^,w)  =  (1-3.5  e  )  e  o  +  3.5  e  e  o  (3.1) 


B’(X'  ,<d) 
o  o’ 


/-.on  -2.3u),  -0.12X*  .  „  n  -2.3(o  -0.Q42X* 

(1-3.0  e  )  e  o  +  3.0  e  e  o  (3.2) 


Equation  (3.1)  is  for  a  fallout  energy  spectrum  and  (3.2)  is  for  a  ^Co  energy 
spectrum. 
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3.3  Far  Field  Contributions 

For  obvious  reasons,  experimental  work  is  performed  using  finite  area 
sources  rather  than  infinite  area  sources.  Since  the  results  must  be  compared 
with  calculations  based  on  an  infinite  plane  source,  the  contribution  from  the 
plane  not  simulated  to  infinity  must  be  evaluated  and  added  to  the  finite  plane 
source  measurements. 

A  method  proposed  by  Kaplan  (15)  was  used  to  evaluate  the  far  field.  This 
method  treats  the  skyshine  and  non-skyshine  components  separately  in  the  analysis, 

A  brief  outline  of  the  method  is  presented  below,  and  details  are  given  in 
Appendix  E. 

Since  the  angular  distributions  of  the  skyshine  and  non-skyshine  components 
of  the  total  dose  rate  in  the  test  structure  are  significantly  different  it  is 
necessary  to  treat  them  separately  in  the  estimate  of  the  far-field  contribution. 
First  the  free-field  dose  rates  are  defined  as: 

=  skyshine  free-field  dose  rate  at  the  center  of  the  annulus  from  the 
nth  source  annulus, 

-  non-skyshine  free-field  dose  rate  at  the  center  of  the  annulus  from 
the  nth  source  annulus. 

Then  two  structure  attenuation  coefficients  a„  and  a_  are  defined  which  are  the 

b  U 

skyshine  and  non-skyshine  structure  attenuation  coefficients.  If  is  the 
measured  exposure  rate  in  the  center  of  the  test  structure  for  the  nth  source 
annulus,  it  follows  that 

a  D  +  a„  S  =  R  (3.3) 

u  n  bn  n 

where  R^  is  the  measured  exposure  rate  in  the  test  structure. 

The  free  field  exposure  rates  were  calculated  for  each  source  annulus  and 
the  far  field  using  moments  method  calculations  (18) .  The  structure  attenuation 
coefficients  were  evaluated  using  a  least-squares  technique. 

The  least-squares  analysis  of  equation  (3.3)  is  based  on  the  assumption 

that  subtracting  R^  from  the  right  and  left  side  of  the  equation  should  yield 

zero.  Since  this  is  in  general  not  true  because  of  the  usual  experimental  errors 

involved  in  the  measurement  of  R  and  the  possible  errors  involved  in  the  evaluation 

n 
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of  the  free-fleid  dose  rates,  the  approach  of  minimizing  the  squared  error 
with  respect  to  the  structure  attenuation  coefficients  is  taken.  This  then 
yields  expressions  for  the  structure  attenuation  coefficients. 

If  the  assumption  is  made  that  and  Kg  do  not  change  with  distance 
from  the  test  structure,  equation  (3.3)  can  then  be  used  to  calculate  R_,  the 
far-field  exposure  rate  in  the  test  structure,  based  on  and  the  free- 
field  exposure  rates  for  the  far-field. 
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iV.  EXPERIMENTAL  RESULTS 


4.1  Introduction 

The  experimental  results  are  presented  in  tabular  form  as,  a  function  of 
grid  height  and  grid  point  number.  The  key  to  the  gridpoint  locations  is 
shown  in  Figure  2-25,  a  zero  grid  point  number  indicates  upstairs  centerline 
data.  All  other  grid  points  represent  basement  detector  locations.  In  addition 
to  the  experimental  results,  four  different  types  of  EM  calculations  were  per¬ 
formed  for  the  purposes  of  comparison.  These  theoretical  results  are  shown 
along  with  the  experimental  results  in  the  same  format.  The  associated  standard 
deviations  for  the  experimental  results  and  the  estimated  far-field  contribution 
are  shown  immediately  below  each  data  point  in  the  tables;  i.e.,  the  reduction 
factors  are  double  spaced  with  the  standard  deviations  located  between  the  lines. 

The  experimental  data  are  presented  in  Tables  4-1  through  4-15.  Each 
table  consists  of  five  columns  of  reduction  factors.  The  first  four  com¬ 
ponent  reduction  factors  are  for  source  areas  1,  2,  and  3  and  the  far  field. 

The  last  column  is  the  total  experimental  reduction  factor  and  is  the  sum  of 
the  first  four  columns.  Theoretical  results  are  presented  in  Tables  4-16 
through  4-33.  Each  table  consists  of  five  columns,  the  first  four  columns  are 
various  types  of  EM  calculations  which  are  clearly  indicated  on  each  table.  The 
fifth  column  is  the  total  experimental  reduction  factor  and  its  standard  deviation. 
The  Engineering  Manual  calculations  will  be  described  in  the  following  manner 

for  purposes  of  brevity:  EM  1  is  the  detailed  procedure  calculation  using  a 

fin 

Co  energy  spectrum  and  the  floor  barrier  reduction  factor  Bc(Xc),  EM  2  is 
the  same  calculation  using  the  1.12  hour  fission  product  spectrum,  EM  3  is  a 
detailed  procedure  calculation  using  a  ^Co  energy  spectrum  and  Eisenhauer's 
modified  floor  barrier  reduction  factor  B^(Xc>  w) ,  and  EM  4  is  the  same  calculation 
using  the  1.12  hour  fission  product  spectrum. 

4.2  Discussion  of  Results 

Two  major  categories  of  comparison  are  possible  with  the  data  presented. 

One  comparison  may  be  made  with  the  EM  calculations  to  check  the  accuracy  of 
the  theoretical  predictions.  A  second  comparison  may  be  made  between  various 
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test  configurations  in  order  to  determine  the  relative  magnitude  of  changes 
in  exposure  rates  due  to  isolated  parameter  changes. 

Examine  first  the  change  in  experimental  reduction  factors  when  par¬ 
titions  are  installed  in  the  test  structure.  Houses  1  and  11  are  identical 
except  that  House  11  has  a  nine  compartment  interior  partition  grid  in  the 
first  story  (see  Figure  2-6)  where  House  1  has  no  partitions.  Figure  4-1 
shows  the  experimental  results  as  a  function  of  height  above  the  basement 
floor  in  the  center  of  the  basement.  There  does  not  seem  to  be  a  signifi¬ 
cant  difference  in  the  results.  The  same  holds  true  in  general  for  the  off 
center  locations  in  the  two  Houses.  The  effect  of  the  interior  partitions 
was  neglected  in  the  basement  calculations  performed  with  the  KSU  computer 
code  ENGMAN  and  the  results  indicate  that  this  approximation  is  a  reasonable 
one,  at  least  for  the  "thin"  partitions  used  in  this  work.  The  same  con¬ 
clusions  may  be  drawn  from  an  inspection  of  the  data  for  Houses  6  and  10,  where 
the  agreement  is  even  more  distinct  as  evidenced  in  Figure  4-2. 

Figure  4-2  also  shows  the  corresponding  EM  calculations  for  Houses  6 
and  10.  Agreement  is  fair  at  the  lowest  position  on  the  centerline  of  the 
basement,  but  theory  and  experiment  diverge  from  that  point.  A  marked 
increase  is  predicted  by  an  EM  calculation  but  no  increane  is  observed  at 
the  below  grade  positions.  At  the  grade  position,  a  difference  of  100  per¬ 
cent  is  noted. 

In  order  to  see  the  effect  of  changing  the  exterior  wall  mass  thickness 
a  comparison  of  Houses  1  and  12  is  appropriate.  The  two  houses  are  identical 
except  that  for  House  1  is  5.5  psf  and  is  45.5  psf  for  House  12.  Figure  4-3 
is  a  plot  of  the  basement  centerline  data  for  the  two  configurations.  The 
results  indicate  that  the  two  structures  provide  an  essentially  equal  amount 
of  protection.  The  same  result  is  predicted  by  the  various  EM  calculations. 
Figure  4-4  shows  the  effect  on  the  reduction  factor  of  changing  Xg  at  a 
single  detector  location  on  the  basement  centerline.  As  expected,  the 
exposure  rate  in  the  basement  increases  as  the  exterior  wall  mass  thickness 
increases  from  zero  to  about  21  psf.  From  21  psf  up,  the  exposure  rate 
decreases.  The  two  points  on  the  curve  shown  in  Figure  4-4  are  the  exterior 
wall  mass  thicknesses  used  in  this  work  and  little  difference  in  the  results 


is  predicted.  Figure  4-5  compares  EM  1,  EM  3  and  the  experimental  results  for 
Houses  1  and  12.  Over  most  of  the  range,  the  error  bars  on  the  data  encompass 
both  calculations.  The  experimental  results  are  noted  to  drop  significantly  as 
the  floor  panel  is  approached.  This  trend  is  noted  in  nearly  all  of  the  experi¬ 
ments  performed  and  is  clearly  the  trend  for  the  detector  locations  below  grade. 

It  was  thought  that  the  trend  might  be  due  to  localized  floor  barrier  effects  since 
the  detector  rack  for  this  data  was  located  immediately  beneath  the  intersection 
of  two  floor  joists.  Experiments  performed  in  this  region  however  indicated  that 
the  exposure  rate  did  not  change  significantly  when  the  detectors  wh  e  moved 
from  beneath  the  joists.  It  is  believed  that  any  effects  the  joists  have  on 
the  ground  contribution  in  the  basement  could  not  account  for  the  rather  signifi¬ 
cant  drop  in  the  data  noted  in  Figures  4-5  and  4-6,  and  in  general  in  most  of 
the  tests  performed. 
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Table  4-1.  EXPERIMENTAL  REDUCTION  FACTORS  FOR  HOUSE  1 


GD.PT. 

HT. 

AREA  1 

AREA  2 

AREA  3 

FARFIELD 

TOTAL 

1 

3 

0.003510 

0.001190 

0.000774 

0.005209 

0.010683 

0*0001067 

0.0000651 

0.0000795 

0.0009426 

0.0010150 

2 

3 

0.004033 

0.001345 

0.000885 

0.005804 

0.012066 

0.0001145 

0.0000618 

0.0000839 

0.0009564 

0.0010447 

3 

3 

0.005427 

0.001927 

0.001305 

0.009582 

0.018241 

0.0001447 

0.0000867 

0.0001142 

0.C012978 

0.0014406 

4 

3 

0.005080 

0.001727 

0.001249 

0.008498 

0.016554 

0.0001234 

0.0000739 

0.0000795 

0.0010149 

0.QO11596 

5 

3 

0.003438 

0.001077 

0.000711 

0.004026 

0.009251 

0.0001218 

0.0000732 

Q.OOGGS47 

0.0010876 

0.0011410 

6 

3 

0.005573 

0.001954 

0.001240 

0.009009 

0.017776 

0.0002129 

0.0001632 

0.0002168 

0.0023583 

0.0024520 

7 

3 

0.005327 

0.001804 

0.001229 

0.008227 

0.016587 

0.0001398 

0.0001100 

0.0001179 

0.0014413 

0.0015530 

1 

6 

0.004352 

0.001507 

0.000926 

0.006469 

0.013254 

0.0001241 

0.0000858 

0.0001021 

0.0012021 

0.0012894 

2 

6 

0.005952 

0.001857 

0.001259 

0.007111 

0.016179 

0.0001659 

0.0000838 

0.0000970 

0.0012363 

0.0013591 

3 

6 

0.006431 

0.002326 

0.001506 

0.011095 

0.021358 

0.0002423 

0.0001332 

0.0001363 

0.0018197 

0.0019711 

4 

6 

0.006599 

0.002278 

0.001389 

0.009195 

0.019461 

0.0001056 

0.0001092 

0.0000976 

0.0012615 

0.0014218 

5 

6 

0.004271 

0.001395 

0.000913 

0.005628 

0.012207 

0.0001151 

0.0000843 

0.0000861 

0.0010896 

0.0011711 

6 

6 

0.006110 

0.002205 

0.003546 

0.012406 

0.024268 

0.0001314 

0.0002175 

0.0020512 

0.0038953 

0.0044810 

7 

6 

0.006255 

0.002341 

0.001546 

0.012114 

0.022255 

0.0001497 

0.0001356 

0.0001430 

0.0017344 

0.0018946 

6 

2 

0.005050 

0.001783 

0.001156 

0.008165 

0.016154 

0.0004171 

0.0002012 

0.0002046 

0.0028340 

0.0029261 

6 

3 

0.005470 

0.001954 

0.001240 

0.009330 

0.017993 

0.0001873 

0.0001632 

0.0002168 

0.0023239 

0.0024185 

6 

4 

0.005971 

0.002035 

0.001182 

0.007536 

0.016723 

0.0001907 

0.0002125 

0.0001945 

0.0024732 

0.0025553 

6 

5 

0.006139 

0.002191 

0.001414 

0.010224 

0.019968 

0.0002196 

0.0002070 

0.0002062 

0.0025608 

0.0026665 

6 

6 

0.006110 

0.002208 

0.001499 

0.010966 

0.020783 

0.0001814 

0.0001862 

0.0001531 

0.0020485 

0.0021774 

6 

7 

0.005514 

0.002203 

0.001155 

0.008886 

0.017757 

0.0002602 

0.0003302 

0.0002485 

0.0033760 

0.0034593 

6 

8 

0.004172 

0.001667 

0.000974 

0.008421 

0.015234 

0.0002270 

0.0002044 

0.0002163 

0.0026204 

0.0026926 

0 

3 

0.177750  - 

0.046176 

0.028310 

0.077396 

0.329633 

0.0039103 

0.0008160 

0.0006855 

0.0151838 

0.0190017 

0 

4 

0.174680 

0.046370 

0.030184 

0.090901 

0.342135 

0.0028261 

0.0006772 

0.0011506 

0.0152528 

0.0191135 

0 

5 

0.185512 

0.055231 

0.034038 

0.152131 

0.426912 

0.0049473 

0.0016592 

0.0010194 

0.0208254 

0.0255603 

0 

6 

0.193382 

0.056426 

0.030989 

0.112231 

0.393027 

0.0017675 

0.0010968 

0.0008558 

0.0126178 

0.0180682 
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Table  4-2.  EXPERIMENTAL  REDUCTION  FACTORS  FOR  HOUSE  2 


GO,  PT. 

HT, 

AREA  I 

AREA  2 

AREA  3 

FARFIELD 

TOTAL 

1 

4 

0.004518 

0.001530 

0.001128 

0.007551 

0.014726 

0.0001130 

0.0000500 

0.0000733 

0.0008368 

0.0009740 

2 

4 

0.005147 

0.001718 

0.001204 

0.007888 

0.015957 

0.0001708 

C.C000513 

0.0000656 

0. GG09438 

0.0010928 

3 

4 

0.006797 

C. 002251 

0.001534 

0.009935 

0.020517 

0.0001765 

0.0000730 

0.0001185 

0.0012867 

0.0014657 

4 

4 

0.006646 

0.002179 

0.001590 

0.010183 

0.020599 

0.0001250 

u. 0000570 

0.3003640 

0.0008534 

0.0010940 

5 

4 

0.004271 

0.001373 

0.001023 

0.006241 

0.012908 

0.0001530 

0.0000502 

0.0000709 

0.0009211 

0.C010268 

6 

4 

0.007420 

0.002416 

0.001746 

0.010729 

0.022311 

0.0002101 

0.0001110 

0.0001997 

0.3018859 

0.0020434 

7 

4 

0.007316 

0.002298 

0.001526 

C. 008734 

0.019875 

0.0002048 

0.0CC0731 

0.0001069 

0.0013128 

0.0014822 

1 

7 

0,005902 

0.001887 

0.001393 

0.008479 

0.017661 

0,0001366 

0.0C00600 

0.0000726 

0.0009375 

0.0011109 

2 

7 

0.009314 

U. 002487 

0.001738 

0.006224 

0.019762 

% 

0.0002061 

0.0000543 

0.0000711 

0.0010722 

0.GG12689 

3 

7 

0.008642 

0.002761 

0.301949 

0.011493 

0,024845 

0.0001980 

0 .0000729 

0.0001513 

0.0014207 

0.0016535 

4 

7 

0.009318 

0.002721 

0.001936 

0.010135 

0.024109 

0.0001439 

j. 0002380 

0.0001440 

0.0020555 

0.0022211 

5 

7 

0.006078 

0.001785 

0.001308 

0,006438 

0.015609 

O.OOC1353 

0.0C00551 

0,0000735 

0.0009149 

0.C010581 

6 

7 

0.008165 

0.002604 

0.001981 

0.011960 

0.024711 

0.0002107 

C. 0001057 

0.0001349 

0.0016264 

0.0018331 

7 

7 

0,008775 

0.002738 

0.001913 

0.010875 

0.C24301 

0.0001675 

0.0000898 

0.0001099 

0.0013365 

0.0015667 

6 

3 

0.007059 

0.002322 

0.001763 

O.C 11292 

0.022436 

0.0002342 

0.0001055 

0.0001360 

0.0016774 

C. 0018512 

6 

4 

G.  007420 

0.002416 

0.001746 

0.C10729 

0.022311 

0.0C02101 

0.0001110 

0.3001997 

0.0018859 

0.0020434 

6 

5 

0.007953 

0.002510 

0.001834 

0.010591 

0.022888 

0.0002071 

0.0001057 

0.3001606 

0.0017231 

0,0018971 

6 

6 

0.008121 

0.002442 

0.001685 

C.OC9091 

0*021340 

0.0001989 

0.0004081 

0.0002307 

0.0033167 

0.0034261 

6 

7 

0.008165 

0.002604 

0.001981 

0.011960 

0.024711 

0.0002107 

C. 0001057 

0.0001349 

0.C016264 

0.0018331 

6 

8 

C. 007277 

0.002600 

0.001715 

0.012634 

0.024226 

0.0002454 

0.0C03170 

0.0003584 

0*0040845 

0.0041939 

6 

9 

0.005471 

C. 001914 

0.001351 

0.009692 

0.C18428 

0.0002174 

0.0002817 

0.0005047 

0.0043089 

0.0043937 

0 

2 

0.134469 

0.046241 

0.028980 

0.203224 

0.412914 

0.0029082 

C .00057 17 

C.U0U479 

O.C 146998 

0.0201244 

0 

3 

0.147910 

C. 045476 

0.031135 

0.177161 

0*4 jI 690 

0.0026419 

0.0003579 

0.0003244 

0.0C87408 

0.0159071 

0 

4 

0.156083 

0.054976 

0.034599 

0.2C3653 

0.449311 

0.0030699 

0.0006037 

0.0032953 

0.J092911 

0.0175549 

J 

5 

0.167318 

0.056697 

0.035757 

0.213044 

0.472815 

0.0022058 

0.0C06285 

0.0305857 

0.C085720 

0.C177093 

X 
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Table  4-3.  EXPERIMENTAL  REDUCTION  FACTOR^  FOR  HOUSE  3 


GD. PT. 

HT  « 

AREA  I 

AREA  2 

AREA  3 

FARFI6LD 

TOTAL 

1 

4 

0.003739 

0.001452 

0.001174 

G. 009480 

0.015845 

0.0C01338 

0.0000516 

0.0000736 

0 *0208937 

0.0010432 

2 

4 

0.004361 

0.001628 

0.001260 

0.0C9853 

0.017103 

G.  000197 4 

0.C000530 

0.0000689 

0.0010340 

0.0011928 

3 

4 

0.005870 

0.002164 

0.001678 

0.U12826 

0.G22537 

0.0001768 

0.0000838 

0.0001363 

Oo  0013052 

0.0015121 

4 

4 

0.005727 

0.002098 

0.001657 

C.0JL2516 

0.021999 

0.0001707 

0 .0000517 

0. COG 3 7 53 

0 .00099 19 

0.0012367 

5 

4 

0.003786 

0.0C1322 

0.30K62 

3.0C  7503 

0.013753 

0.0001527 

0.0C0C541 

0.0C0C678 

0.0009223 

0.0010393 

6 

4 

0.006655 

0.002293 

0.001831 

0.C125G0 

0.023278 

" 

0.0003326 

C. 0001029 

0.0001640 

0.0020114 

0.0021824 

7 

4 

G. 005937 

0.CG2209 

0.001647 

0.012795 

0.022588 

0.0001966 

G.0C0C753 

0.0001133 

0.0013304 

0.0015372 

1 

7 

0.005009 

0.001796 

0.001423 

0.010477 

0.018705 

0.0001603 

0.0000576 

0 . COOO 764 

0. 3009978 

0.0011023 

2 

7 

0.007456 

0.002308 

0.001753 

0.CC968O 

0.021198 

0.0001489 

C. 0000 549 

0.0000876 

0.0010009 

0. 0012  #74 

3 

7 

0.007247 

C. 002721 

0*002o43 

0.U16062 

0.020074 

0.0002190 

C.0CC0820 

0.0001106 

0.0C14076 

0.0016958 

4 

7 

0.0076C9 

0.002679 

0.002059 

O.C 14701 

0.027049 

0.0001505 

0.00HC588 

0.0000824 

C. 0010083 

0.0013482 

5 

7 

G. 004952 

0.GG1754 

0.001272 

0.009226 

0.017204 

0.0001173 

0.00C0582 

0.0C00785 

0.0009172 

0.0010841 

6 

7 

0.006878 

0.002629 

0.002064 

0.016243 

0.027815 

0.0002658 

0.0001021 

0 . 0C02G64 

0.0C19498 

0.0021767 

7 

7 

0.007377 

0.002703 

0.002064 

0.015727 

0.C2787G 

C.  0002286 

0.0001023 

0.0001195 

0.0015661 

0.001829 0 

6 

3 

0.006158 

0.002247 

0.001769 

O.C 13232 

0.023407 

0.0002641 

0.0000994 

0.0001465 

O.C 017553 

0.0019384 

6 

4 

0.006655 

C. 002293 

0.0G1831 

O.C 12500 

C. 323278 

0.0003326 

0.00C1029 

0.0001640 

9.0020114 

0.0,^21824 

6 

5 

0.0067C2 

0.002400 

0.001953 

0.014619 

0.025673 

0.0002683 

0.0001641 

0.0001644 

0.0021683 

0.0^23494 

6 

6 

0.006890 

0.002538 

0.001973 

0.014851 

0.326281 

0.0002233 

0. C001 108 

0. 0C01076 

0.0018788 

C.C020858 

6 

7 

0.006878 

0.002629 

0.001951 

Oc Cl  57 83 

0.C27242 

0.0002658 

0.0001021 

0.0001878 

0.CC19C75 

0. Gu2 1293 

6 

8 

0.006459 

0.002363 

0.301789 

O.C 13578 

0.024188 

0.0002414 

0.0001247 

0.0001529 

0.0018745 

C. C02G555 

6 

9 

L.  005045 

0.001950 

0.0015C5 

0.012231 

0.020731 

0.0002513 

0.0001238 

0.0001495 

O.Or 18713 

0.0020134 

0 

2 

0.130495 

0.049452 

0.027414 

0.204691 

0.412052 

0.0022992 

0.CC07886 

0.0007874 

0. .123924 

0. 018395C 

*1 

3 

C . 140562 

0.048135 

0.330125 

G.2C5787 

0.424609 

C. 0015838 

0.0008203 

0.0009996 

3.0122900 

0. 3185616 

u 

4 

0.153111 

C. 056203 

0.031451 

C.3C0793 

3.541558 

0.00  34902 

C. GOO  5002 

0.C025258 

O.C 185384 

3. 1258927 

J 

5 

f'.  167777 

0.055711 

0.035679 

3.223107 

0.482274 

0.0024557 

0.C01 1461 

O.OOllCOB 

3. 91 58578 

C,C224553 

I 
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Table  4-4.  EXPER I MENTAL  REDUCTION  FACTORS  FOR  HOUSF  A 


GO. FT. 

HT. 

AREA  I 

AREA  2 

ARFA  3 

FAR FI  ELD 

TOTAL 

1 

5 

0,004869 

0,001772 

0.001222 

0.009281 

0. 017143 

0.0001291 

0.0000486 

0.000^/654 

0. 0008316 

0.0010117 

2 

5 

C, 005724 

0.002045 

0.001426 

C. 010489 

0.019684 

O.OOCH99 

G.CCC0676 

0.0GQG8C0 

C.G009812 

0.0wll8ll 

3 

5 

C.0C7729 

C.0C2626 

0. JO  1822 

0.012298 

0.024474 

0.0002135 

0.CC00776 

0.0000924 

0.0012843 

0.0015292 

4 

5 

0.007511 

0.002538 

0.001751 

0.011726 

0. 023527 

0.0GC1584 

0.00C0487 

0.0000673 

0.0009120 

0.QC12C20 

5 

5 

0.004529 

C. 001590 

0.001132 

0.008094 

0.Q15345 

0.0001645 

C.OC00497 

0.0000690 

0.0C09392 

0.0010788 

6 

5 

0.008293 

C .002807 

0.001996 

0. 013 430 

C. 026526 

0.0003098 

0.0000966 

0.0001333 

0.0017971 

0.0620227 

7 

5 

0.008135 

0.002694 

0.001823 

0.011724 

0.024376 

0.0002111 

0.0000711 

0.0000950 

0.0C12662 

0.0315118 

1 

a 

0.007514 

C. 002280 

0.001614 

O.OC8572 

0.019979 

0.00C 1416 

0. CC00489 

0.0000682 

0. GC08754 

0.0011011 

2 

8 

0.011374 

0.003016 

0.002CC5 

0.U06263 

0.C22658 

0.0001679 

C.00C0494 

0.000072C 

0.0009602 

0.0012235 

3 

8 

C. 010674 

C. 003141 

0.002270 

0.012392 

0.028476 

0.0002173 

0.0001643 

0.0000963 

C.CC15150 

0.0017972 

4 

8 

0.011336 

0.003323 

0.G02261 

0,ul0858 

0.027779 

0.0001794 

0.0000536 

0.0000698 

0. 7009956 

0,0713570 

5 

8 

0.007754 

0.002189 

0. 001513 

0.006391 

0.017846 

0.0001276 

0.0000487 

0.0C0u667 

C.0CO8349 

0 . 3ul 3269 

6 

8 

C.009852 

0.003217 

0.002179 

0.013523 

C. 028771 

0.0005357 

0.0001031 

0.0001336 

G.GC24015 

0.C026366 

7 

8 

0.010092 

0.003270 

0.002272 

C.U14057 

0.029691 

0.0003684 

0.0000693 

0.0001013 

0.0017078 

0.0019983 

6 

4 

0.C07846 

0.C02686 

0.001996 

0.013679 

0.026207 

0.0002393 

0.0000982 

0.0001317 

0. OC 16305 

0.0018612 

6 

5 

0.008293 

0.002807 

0.001996 

O.iy  13430 

0.026526 

0.0003098 

0.00G0966 

0.0001333 

0.0017971 

0.0020227 

6 

6 

0.009059 

0.002367 

0.002078 

0.012176 

0.025680 

0 .0003714 

C. 0003108 

0.0G01345 

0, JC22764 

0.0U24753 

6 

7 

0.009741 

0.003141 

0.002*7  57 

0.012411 

0.C27351 

0.0003104 

0. CC00988 

0.U001279 

C. 0017808 

0.0020197 

6 

8 

0.009852 

0.003217 

0.GC2179 

C .013523 

0.028771 

0.0005357 

O.OOC 1031 

0. J001336 

0.0024015 

0.0026366 

6 

9 

0.010197 

0.C02944 

0.002^16 

C. 009148 

0.024305 

0.0002775 

C  .0000977 

0.0001368 

Q. 6017383 

0.0ol9358 

6 

1A 

0.016960 

0.003505 

0.001995 

0.003115 

0.U25575* 

0.00n8129 

0.00r0987 

0.0001316 

0.0057003 

0.0057603 

0 

l 

0.037958 

C.04C007 

0.028369 

0.405341 

0.511675 

0.00C8465 

O.OOC 7 600 

0.0007193 

0.0C91933 

0. Cl 90067 

*> 

■f 

2 

0.091182 

0.045028 

0.031011 

0.309981 

0.477203 

0.0010118 

0.CC1G925 

0.GCC8377 

0.0114494 

0.0193162 

0 

3 

0.116421 

C .054675 

0.736375 

C. 318055 

0.525526 

C  .Cl  4896  3 

'7.0009429 

0.0067296 

0.7 176970 

0.0250712 

0 

4 

0.136356 

t .054964 

0.036344 

0.304861 

0.532525 

0022790 

G .0008533 

0. 0008304 

0.C128012 

0.0216389 

Three  area  far  field  gave  negative  result,  see  page  136. 
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Table  4-5.  EXPERIMENTAL  REDUCTION  FACTORS  FOR  HOUSE  5 


gd.pt. 

HT. 

AREA  I 

AREA  2 

AREA  3 

FARFIELD 

TOTAL 

l 

*5 

0.006748 

0.001876 

0.0C1914 

0.005938 

0.016476 

0  *0001640 

0.0000605 

0. JC01752 

0.0C12439 

0.0913761 

2 

5 

0.008224 

0.002197 

0.002186 

0.005231 

0.017839 

0.0001318 

0.CCC0647 

0.0002109 

0.C012387 

0.0013909 

3 

5 

0.010945 

0.002907 

0.002907 

0.0C6174 

0.022933 

0.0003222 

0,0000801 

0.0003578 

O.OC20457 

0. C0223C5 

4 

5 

0.010573 

0.002772 

0.002772 

0.005667 

0.021785 

0.0001663 

0.00C0718 

0.0C02563 

0*0014339 

0.0016287 

5 

5 

C. 006556 

C, 001733 

0.001787 

C.0C4582 

0.014658 

0.0001443 

0. 0000612 

0. 3C01625 

0,0011888 

0. CGI  2999 

6 

5 

0,012006 

0.003109 

0.003030 

0.JC5120 

0.023264 

0.0003044 

0.0001202 

0.0005349 

2*  w025064 

C. 0026914 

7 

5 

0.011396 

0.003016 

0.003192 

0.907  306 

9.024909 

0.0001876 

O.OCOG872 

0.0002731 

0.0016850 

0.0018995 

l 

8 

0.010548 

0,002571 

0.002493 

C. 0024 19 

0.018031 

0.0001735 

0.0000611 

0.0002264 

0. 9013103 

0. 0ul4642 

2 

8 

0.017265 

0.0C3588 

0.003427 

0.042498 

0.066779* 

0.0002106 

0.0000717 

0.0002729 

0.0108064 

0.0108122 

3 

8 

0.014R63 

0.003760 

0.0C3614 

C « 005536 

0.027773 

0.0001865 

0.0001336 

0.0C04577 

0..0G23970 

0. 0u261 1 1 

4 

8 

C. 015405 

G.C03774 

0.003669 

9.UC3386 

0.026234 

0.0091681 

0.00CC804 

0.0003214 

0.3C  1.5749 

0,0018278 

5 

8 

0.010954 

0,0025 1C 

0.0C2447 

0, 000386 

0.016297 

0.00^1595 

9.CG00727 

0.0002298 

0.CC14 134 

0.0015362 

6 

a 

0.014562 

0.003573 

0. JC3641 

0.903907 

0.025684 

0. 0003298 

O.OOf 1404 

0.0005999 

0*0027966 

0.3929826 

7 

8 

0.015761 

0.0C3837 

0.003552 

0.006462 

0.029612 

0.0009208 

U. 0001668 

0.0C04  565 

0*0049990 

C. 0051091 

6 

4 

C.CU-M4 

0. J02970 

0.002987 

0.006729 

0.C23731 

G. 000275 8 

0.0C01349 

0. 0C05466 

0.G026310 

0.0028119 

6 

5 

0.012006 

0.003109 

0.003030 

0. COS  120 

0.023264 

0.0003044 

0.0001202 

0.0005349 

0. JC25064 

0. 0u26914 

6 

6 

0.012594 

0.003326 

0.003257 

0 .006449 

0.025625 

0.0004725 

0.C001290 

0.0006172 

C. 0031490 

0.0033506 

6 

7 

0.013767 

C. 003480 

0.0C3399 

0.004133 

C. 924779 

0.0002204 

0.0001241 

0.0006272 

0.0023755 

0.0325971 

6 

8 

0.014562 

0.003573 

0,003641 

C.GC3907 

0.025684 

0.0003208 

0 .000 1404 

0.0095099 

C . L  027966 

9.0029826 

6 

9 

0.014759 

0.00348C 

0.003)16 

0. 9 CO 97 7 

0.C22532 

0.0004532 

0.0001241 

0.0005567 

0.G03C135 

0.0031851 

6 

10 

0.037822 

0.006647 

0.004213 

•0.018103 

0.066785* 

0.0006846 

0.0001026 

0.0006796 

0.0266623 

0.0266799  . 

1 

I 

0.048347 

0.C43732 

0.028045 

0.345259 

0.465382 

0.0003855 

0.0016106 

0.0907192 

O.C 106314 

C . C 1 85390 

? 

0.102555 

0 .046890 

0.031365 

0.325536 

0. 5 .'6345 

0.0011747 

C.00C6582 

0.0010143 

O.o 105581 

0. C 1958  36 

C 

3 

0.128259 

0.056417 

0.035929 

0.352773 

9.573378 

0.0016786 

0.0006396 

0*00 j8500 

0.0198518 

0.C216981 

0 

4 

0.146290 

0.058782 

0.036301 

0.270725 

0. 512C98 

0.0027218 

O.OC13291 

0.0006886 

9.0129088 

0.0212519 
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Table  4-6.  EXPERIMENTAL  REDUCTION  FACTORS  FOR  HOUSE  6 


GD.PT. 

HT. 

AREA  1 

AREA  2 

AREA  3 

FARFIELD 

TOTAL 

1 

6 

0.008146 

0.002336 

0.001441 

0.006051 

0.017974 

0.0001573 

0.0000513 

0.0000738 

0.0009500 

0.0011290 

2 

6 

0.010305 

0.002839 

0.001649 

0.003960 

0.019253 

0.0001827 

0.0000622 

0,0000676 

0.0010175 

0.0012109 

3 

6 

0.013322 

0.003656 

0.002189 

0.007306 

0.026473 

0.0002278 

0.0000849 

0.0001082 

0.0014298 

0.0016885 

4 

6 

0.013367 

0.003537 

0.002232 

0.006269 

0.025405 

0.0001515 

0.0000532 

0.0000895 

0.0010030 

0.0013106 

5 

6 

0.007940 

0.002152 

0.001324 

0.004277 

0.015694 

0.0001393 

0.0000507 

0.0000678 

0,0008763 

0.0010262 

6 

6 

0.014132 

0.003874 

0.002359 

0.007982 

0.028347 

0.0003148 

0.0001001 

0.0001289 

0.0018015 

0.0020530 

7 

6 

0.014090 

0.003717 

0.002199 

0.005686 

0.025693 

0.0003911 

0.0000725 

0.0001079 

0.0018129 

0.0020370 

I 

9 

0.022598 

0.003999 

0.002314 

0.000568 

0.029478  * 

0.0003122 

0.0000546 

0.0000720 

0.0033125 

0.0033284 

2 

9 

0.024679 

0.005105 

0.002929 

0.005198 

0.037911* 

0.0003491 

0.0000576 

0.0000772 

0.0033407 

0.0033603 

3 

9 

0.019823 

0.004937 

0.002939 

0.004882 

0.032581 

0.C004091 

0.0000734 

0.0000987 

0.0018053 

0.0021345 

4 

9 

0.020686 

0.005053 

0.002999 

0.003613 

0.032351 

0.0002426 

0.0000586 

0.0000775 

0.0012138 

0.0016250 

5 

9 

0.026188 

0.004105 

0.002228 

0.000569 

0.033089* 

0.0002684 

0.0000576 

0.0000764 

0.0033125 

0.0033248 

6 

9 

0.018919 

0.004702 

0.002839 

0.004642 

0.031102 

0.0004486 

0.0000996 

0.0001380 

0.0021933 

0.0024610 

7 

9 

0.019554 

0.004847 

0.002738 

0.G02982 

0.030122 

0.0002507 

0.0000773 

0.0001727 

0.0016409 

0.0019349 

6 

5 

0.013075 

0.003638 

0.002259 

0.008382 

0.027355 

0.0002073 

0.0001144 

0.0001340 

0.0016610 

0.0019022 

6 

6 

0.014132 

0.003874 

0.002359 

0.007982 

0.028347 

0.0003148 

0.0001001 

0.0001289 

0.0018015 

0.0020530 

6 

7 

0.015888 

0.004207 

0.002579 

0.007305 

0.029979 

0.0002869 

0.0001264 

0.0001421 

0.0019136 

0.0021735 

6 

8 

0.017089 

0.004515 

0.002659 

0.006851 

0.031115 

0.0005737 

0.0001066 

0.0001402 

0*0025481 

0.0028053 

6 

9 

0.018919 

0.004702 

0.002839 

0.004642 

0.031102 

0.0004486 

0.0000996 

0.0001380 

0.0021933 

0*0024610 

6 

10 

0,045728 

0.007793 

0.004658 

0.013237 

0.071416* 

0.0014665 

0.0001811 

0.0001635 

0.0078259 

0.0079659 

6 

11 

0.056605 

0,012839 

0.006937 

0..  000885 

0.077266* 

0.0014384 

0.0003876 

0.0001690 

0.0117204 

0.0118159 

0 

0 

0.021220 

0.008020 

0.006129 

0.048157 

0.083526 

0.0003248 

0.0003166 

0.0005417 

0.0048658 

0.0056125 

0 

1 

0.033549 

0.031218 

0.027ic4 

0.338896 

0.431017 

0.0010787 

0.0009102 

0.0003765 

0.0064462 

0.0154516 

0 

2 

0.082528 

0.054583 

0.033198 

0.446038 

0.616346 

0.0014131 

0.C006677 

0.0008151 

0.0102510 

0.0225181 

0 

3 

0.116696 

0.055421 

0.034268 

0.292104 

0.498489 

0.0020899 

0.0015234 

0.0005566 

0.0103618 

0.0193722 

* 

ibid. 
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Table  4-7.  EXPERIMENTAL  REOUCTION  FACTORS  FOR  HOUSE  ? 


GD.PT. 

HT. 

AREA  1 

AREA  2 

AREA  3 

FARFIELO 

TOTAL 

I 

6 

0.005413 

0.001932 

0.001309 

0.009455 

0.018109 

0.0001339 

0.0000787 

0.0000739 

0.0010150 

0.0011849 

2 

6 

0.006768 

0.002233 

0.001785 

0.010268 

0.021054 

0.0001167 

0.0000658 

0.0002326 

0.0012311 

0.0014329 

3 

6 

0.009122 

0.002916 

0.001989 

0.011888 

0.025915 

0.0002629 

0.0000842 

0.0001135 

0.0015359 

0.0017757 

4 

6 

0.008711 

0.002794 

0.001900 

0.011443 

0.024848 

0.0001417 

0.0000636 

0.0000860 

0.0010304 

0.0013197 

5 

6 

0.005117 

0.001827 

0.001180 

0.008799 

0.016923 

0.0001441 

0.0000684 

0.0000924 

0.0010906 

0.0012345 

6 

6 

0.009661 

0.003077 

0.002220 

0.013437 

0.028395 

0.0001637 

0.0001611 

0.0001626 

0.0019988 

0.0022183 

7 

6 

0.008949 

0.003031 

0.001959 

0.013450 

0.027390 

0.0003470 

0.0000857 

0.0001590 

0.0019442 

0.0021727 

1 

9 

0.014341 

0.002910 

0.001890 

0.009219 

0.028360* 

0.0002676 

0.0000637 

0.0000742 

0.0033060 

0.0033183 

2 

9 

0.016256 

0.003697 

0.002412 

0.008455 

0.029524* 

0.0001827 

0.0000615 

0.0000749 

0.0032370 

0.0032545 

3 

9 

0.013983 

0.003760 

0.002392 

0.007100 

0.027236 

0.0003409 

0.0000837 

0.0002592 

0.0020857 

0.0023064 

4 

9 

0.013654 

0.003801 

0.002641 

0.011020 

0.031115 

0.0002347 

0.0000602 

0.0000790 

0.0012055 

0.0015921 

5 

9 

0.016279 

0.002921 

0.001869 

0.008455 

0.029524* 

0.0003235 

0.0000628 

0.0000725 

0.0032370 

0.00325 '45 

6 

9 

0.012798 

0.003633 

0.002515 

0.011298 

0.030244 

0.0004260 

0.0001189 

0.0001406 

0.0021973 

0.0024503 

7 

9 

0.013326 

0.003783 

0.002576 

0.011169 

0.030855 

0.0003036 

0.0000848 

0.0001153 

0.0016499 

0.0019582 

6 

5 

0.008980 

0.002916 

0.002113 

0.013005 

0.027014 

0.0003193 

0.0001179 

0.0001900 

0.0021549 

0.0023583 

6 

6 

0.009661 

0.003077 

0.002220 

0.013437 

0.028395 

0.0001637 

0.0001611 

0.0001626 

0.0019988 

0.0022183 

6 

7 

0.010421 

0.003355 

0.002281 

0.013834 

0.029891 

0.0002850 

0.0001190 

0.0001371 

0.0018508 

0.0021160 

6 

8 

0.011323 

0.003471 

0.002428 

0.013238 

0.030460 

0.0003082 

0.0001180 

0.0001534 

0.0019824 

0.0022442 

6 

9 

0.012798 

0.003633 

0.002515 

0.011298 

0.030244 

0.0004260 

0.0001189 

0.0001406 

0.0021973 

0.0024503 

6 

10 

0.020984 

0.005368 

0.003031 

0.005247 

0.034631 

0.0004057 

0.0001233 

0.0001354 

0.0021263 

0.0024451 

6 

11 

0.024260 

0.006016 

0.003336 

0.003347 

0.036959 

0.0008922 

0.0001433 

0.0001921 

0.0037578 

0.0040507 

0 

0 

0.016812 

0.007174 

0.005723 

0.051202 

0.080911 

0.0003920 

0.0003151 

0.0005142 

0.0048637 

0.0055720 

0 

1 

0.024539 

0.028363 

0.028363 

0.363083 

0.444348 

0.0002838 

0.0003191 

0.0009065 

0.0053816 

0.0154040 

0 

2 

0.069560 

0.052919 

0.034826 

0.384882 

0.542187 

0.0013315 

0.0017014 

0.0004313 

0.0076600 

0.0192923 

0 

3 

0.097834 

0.055964 

0.035065 

0.391673 

0.580535 

0.0025728 

0.0008081 

0.0007873 

0.0130427 

0.0230624 

*ibid. 
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Table  4-8,  EXPERIMENTAL  REDUCTION  FACTORS  FOR  HOUSE  8  AND  9. 


GD.PT • 

HI. 

AREA  1 

AREA  2 

AREA  3 

FARFIELD 

TOTAL 

l 

6 

0.011039 

0.003080 

0.001628 

0,003942 

0.019690 

0.0001884 

0*0002011 

0.0001198 

0.0017772 

0.0019120 

2 

6 

0.013213 

0.003302 

0.G018G2 

0.001665 

0.019982 

0.0001960 

0.0001929 

0.0000903 

0.0014474 

0.0016119 

3 

6 

0.016767 

0.004872 

0.002464 

0.005216 

0.029319 

0.0003530 

0.0003986 

0.0001322 

0,0022540 

0.0025069 

A 

6 

0.015923 

0.004238 

0.002497 

0.006694 

0.029352 

0.0002203 

C.C001699 

0,0001123 

0,0016894 

0.0019618 

5 

6 

0.010604 

0.002939 

0.001517 

0.002640 

0.017700 

0.0002296 

Q. 0002096 

0.0000787 

C.CC13599 

0,0015104 

6 

6 

0.017866 

0.005186 

0.002633 

0.005339 

0.031023 

0.0005991 

0.0004902 

0.0001385 

0.0027259 

0.0030099 

7 

6 

0.016837 

0.004696 

0.002475 

0.005077 

0.029085 

0.0003874 

0.0003174 

0.0001184 

0.0021100 

0.0023676 

1 

9 

0.027889 

0.005412 

0.0C33G8 

0.015352 

0.051961* 

0.0003663 

0.0001675 

0.0000810 

0.0061229 

0.0061458 

2 

9 

0.027286 

0.006450 

0*003923 

0.005896 

0.043554 

C.0C05528 

0.CC01629 

0.0CC0824 

0.0020006 

0.0025166 

3 

9 

0,025407 

0.006207 

0.003732 

0,006706 

0.042052 

0.0006586 

0.0002723 

0.00C1G54 

0.0024611 

0.0029040 

A 

9 

0.026103 

0.006340 

0.004058 

C.CQ7964 

0.044465 

0.0004722 

0.0001471 

0.0001298 

0.0022777 

0.C027433 

5 

9 

0.033494 

0.005338 

0,003412 

0.015352 

0.057596* 

0.00C5450 

0.0002002 

0.0000904 

0.0061229 

0.006151’. 

6 

9 

0.025171 

0.005764 

0.003702 

O.0C65C0 

0.041136 

0.0008915 

0.0G02944 

0.0001363 

G.0C32631 

0.0036503 

7 

9 

0.024984 

0.0G6449 

0.003712 

0.007370 

0.042514 

0.0007535 

0.0002536 

0.GQC1238 

C. 0028474 

0.0032639 

6 

5 

0.016122 

0.004232 

0.002464 

0.005777 

0,028595 

0.0005296 

0,0003268 

0.0001349 

0.0025416 

0.0027792 

6 

6 

0.017866 

0.004580 

0.002633 

G. 004954 

0.030033 

0,0005991 

0.0002992 

O.GOQI385 

C.C027022 

0.0029524 

6 

7 

0.019376 

0.005023 

0.002892 

C.0G6010 

0.G33301 

0.0004040 

0.0002442 

0.0001683 

0.0026262 

0.0028832 

6 

8 

0.021356 

0.005542 

0,003233 

0.CC7160 

0.037292 

0.0008016 

0.0005530 

0.0001535 

0.0032739 

0.0036264 

6 

9 

0.025171 

0.005764 

0,003702 

0.006500 

0.041136 

0.0008915 

0.00C2944 

0.0001363 

O.OC32631 

0.0036503 

6 

10 

0.108384 

0.022192 

0.012481 

0.015452 

0.158510* 

0.0192584 

0.0C08960 

0.0005970 

0.0323238 

0.0376414 

6 

11 

0.168148 

0.038096 

0.019896 

0.015452 

0.241592* 

0.0066460 

0.0010507 

0.0021289 

0.0323238 

0.0330852 

0 

0 

0.035647 

0.0C879 1 

0.006937 

0.C16656 

0.068030 

0.0007928 

0.0002854 

0.0004353 

C.GC51785 

0.0057G75 

G 

1 

0.060814 

0.03451C 

0.028866 

C.3183C4 

0.442494 

0.0010545 

0.0006897 

0.0014384 

C.C116569 

0.0185777 

C 

2 

0.116241 

0.054792 

0.036291 

0.348213 

0.555536 

0.0029722 

Q.QC15170 

0.GC12293 

C. 0187304 

0.02622C7 

0 

3 

0.144367 

0 .05597  L 

0.U36525 

0.282274 

0.519137 

0.0032447 

C. 0017283 

0.0012229 

0.0195314 

0.026C666 

* 
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Table  4-9. 

EXPERIMENTAL 

REDUCTION 

FACTORS  FOR 

HOUSE  10 

GD.PT. 

HT, 

AREA  1 

AREA  2 

AREA  3 

FARE  I  ELD 

TOTAL 

1 

6 

0.008488 

0.002393 

0.001532 

0.006179 

0.018592 

0.0001487 

0.00CC64? 

0.000u779 

0.0010118 

0.0C11913 

2 

6 

0.011224 

0.0C2861 

0.001690 

0.0C33C2 

0.019077 

0.0001419 

6.0000728 

0. 0CGO795 

G.GG10428 

0.0012253 

3 

6 

0.014090 

0.003709 

0.002331 

0.006635 

0.026765 

0,0002744 

O.OOOC963 

0.0001175 

0.0C16312 

C. 0018739 

4 

6 

0.013767 

0.003597 

0.002129 

0.005129 

0.024622 

0.0001711 

0.0000711 

0.0000872 

0.0011363 

0.0014035 

5 

6 

0.008344 

0.002197 

0.001351 

0.CC3687 

0.G15579 

0.0001294 

0.0000649 

0.0000779 

0.0009741 

0.0011094 

6 

6 

0.015041 

0.Q04049 

0.002365 

0.0G6769 

0.028224 

0.0003840 

0.0001500 

0.0001654 

0.0023425 

0. 0025537 

7 

6 

0.014671 

0.003771 

0.002223 

0.004633 

0.025299 

0,0002031 

0.0000965 

0.0001174 

0.0014773 

0.0017085 

l 

9 

0.023541 

0.004025 

0.002335 

0.004827 

0,034728* 

0.0002375 

0.0000755 

0.00008Q2 

0.0036562 

0.0036656 

2 

9 

0.018371 

•j.  005 109 

0.003053 

0.008790 

0.035323 

0.0042966 

0.0000796 

0.0000970 

0.0038129 

C. 0058587 

3 

9 

C. 020985 

0.004994 

0.003044 

0.003698 

0.032720 

0.0002874 

0.0001628 

0.0001185 

0.0018385 

0.0021511 

4 

9 

0.022189 

0.C05128 

0.003134 

0.0C1855 

0.032306 

0.0003149 

0.0000789 

0.0000860 

0.0014885 

0,0018505 

5 

9 

0.026986 

0.004067 

0.002343 

0.004827 

0.033396* 

0.0004267 

0.CC01338 

0,0000864 

0.0036562 

0.0036844 

6 

9 

0.020510 

0.004928 

0.002804 

0.001366 

0.029608 

0.0003406 

0.0001121 

0.0001659 

0.0020865 

0.0023302 

7  , 

9 

0.020627 

0.005112 

0.002947 

0.003798 

0.032485 

0.0002113 

0.0001156 

0.0001175 

0.0015764 

0.0019 144 

6 

5 

0.014183 

0.003836 

0.002272 

0*006802 

0.027093 

0.0004168 

0.0001832 

0.0001691 

0.0025327 

0.0027242 

6 

6 

0.015041 

0.004049 

0.002365 

0. JC6769 

0.028224 

0.0003840 

0.0001500 

0.000 1654 

0.0023425 

0.0025537 

6 

7 

0.016603 

0.004304 

0.002618 

0.006407 

0.029932 

0.0005063 

0.0001383 

0.00C1678 

0. CC  26082 

0.0028368 

6 

8 

0.018246 

0.004662 

0.0028G4 

C. 005911 

C. 031622 

0. 0003653 

0.0CC1465 

0.0001659 

O.uC 22931 

0.0025477 

6 

9 

0.020510 

0.004928 

0. 002804 

0.001366 

0.029608 

0.0003406 

0.0001121 

0.0001659 

C.0C20865 

0.0023302 

6 

10 

0,048087 

C. 008980 

0.004826 

0.015452 

0.077345* 

0.0006050 

0.0006537 

0.0001786 

0.0323238 

0.0.323379 

6 

11 

0.059297 

0.012973 

0 . U0684 1 

0*015452 

0.094563* 

0.0006799 

»’.00r  2826 

0 . 0001663 

0.0323238 

0.0323326 

0 

0 

0.022789 

0.008494 

0.006643 

0.050135 

0.088061 

0.0007659 

0.0003681 

0.0006805 

0 . OC67960 

0.0074716 

0 

1 

0.036314 

C. 028914 

0.024784 

G. 302649 

0.392661 

0.000747 J 

0.0010233 

0.U007617 

0.;*103341 

0.0164581 

0 

2 

0.078220 

0.045615 

0. 028728 

0.293324 

0.445886 

C. 0020283 

0. 0012796 

0.0006375 

G.C111C49 

0.0183911 

0 

3 

0.  104053 

C. 046951 

0.030657 

0.290883 

0.472545 

0.0018938 

.J.CCT74  65 

0.0007451 

C. 0111176 

C. 0190464 

f 


|  Table  4- 

10. 

EXPERIMENTAL 

REDUCTION 

FACTORS  FOR 

HOUSE  n 

j  GD.PT* 

HT  e 

AREA  1 

AREA  2 

AREA  3 

PARPIEU5 

TOTAL 

1  ’  1 

3 

0*004074 

Q.QO0975 

0.001121 

0.004061 

0.010231 

0.0001746 

0.0000677 

0*0000911 

0*0011469 

0.0012119 

!  2 

3 

0.004754 

0.001099 

0.001182 

0,003014 

0,010049 

0*0001603 

0.0000659 

0*0000985 

0,0011349 

0.001 1974 

;  3 

3 

0.005995 

0.001605 

0,001412 

0.004107 

0.013120 

0.0002708 

0,0000878 

0.0002230 

0,0013640 

0.0019458 

I  4 

3 

0*005879 

0.001539 

0.00 1464 

0.004549 

0*013431 

1 

0*0001812 

0,0000654 

0.0001274 

0,0012663 

0*0013588 

l  5 

i 

3 

0.003670 

0.000796 

0.000957 

0,002933 

0,008356 

E 

0.0001908 

0.0000734 

0.00GQ91? 

0.0012131 

0.0012630 

1  6 

3 

0.006999 

0.001838 

Q. 001652 

0.004515 

0.015004 

I 

0.0003580 

0.0001109 

0.0002684 

0.0023829 

0.0024753 

7 

3 

0.006502 

0,001604 

0.001522 

0,005590 

0.015218 

| 

0.0002399 

0.0001096 

0.0001287 

0.0016714 

0,0017672 

|  1 

6 

0.005061 

0.001245 

0.001199 

0.002971 

0.010475 

) 

0.0001827 

0.0000694 

0.0001247 

0.0012942 

0.0013579 

S  2 

6 

0.006778 

0.001594 

0.001478 

0.002848 

0.012699 

$ 

0.0001894 

0.0000652 

0.0001127 

0.0012473 

0.0013334 

I  -  3 

6 

0.007630 

0.002109 

0.001867 

0.008473 

0*020079 

! 

0.0002701 

0.0001061 

0.0001422 

0.0017871 

0.0019291 

?  ‘  4 

6 

0.007535 

0.002045 

0.001751 

0.007128 

0.013460 

• 

0.0002820 

0.0000702 

0.0001159 

0.0015373 

0.0016790 

1  _  5 

6 

0.004757 

0.000973 

0.001149 

0.001703 

0.008582 

f 

0.0001593 

0*0000691 

0.0001003 

0.0011588 

0.0012084 

6 

6 

0.007589 

0.002057 

0.001893 

0.009152 

0.020691 

0.0003143 

0.0001905 

0.0002015 

0.0025893 

0.0027073 

i  7 

6 

0.008046 

0.002154 

0.001918 

0.006495 

0.018613 

0.0002784 

0.0000962 

0.0001850 

0.0018883 

0.0020126 

>  6 

2 

0.006451 

0.001762 

0.001442 

0.005531 

0.015186 

0.0003405 

0.0001113 

0.0001888 

0.0021636 

0.0022555 

6 

3 

0.006959 

0.001838 

0.001652 

0.004754 

0.015203 

0.0004050 

0.0001109 

0.00026C4 

0.0025231 

0.0026186 

6 

4 

0.007257 

0.001882 

0.001743 

0.004138 

0.015019 

- 

0.0003660 

0.0001221 

0.0003231 

0.0025791 

0.0026724 

6 

5 

0.007012 

0.002023 

0.001797 

0.009239 

0.020071 

, 

0.0006361 

0.0000994 

0.0001875 

0.0029704 

0.0031139 

6 

6 

0.007589 

0.002057 

0,001893 

0.009152 

0.020691 

0.0003143 

0.0001905 

0.0002015 

0.0025893 

0.0027073 

6 

7 

0.006984 

0.001936 

0.001731 

0.006899 

0.017549 

; 

0.0003394 

0.0001019 

0.0001904 

0.0021060 

0.0022182 

6 

8 

0.005322 

0.001501 

0.001487 

0.008177 

0.016487 

‘ 

0.0003690 

0.0001402 

0.0001588 

0.0022368 

0.0023387 

!  o 

3 

0.153394 

0.041641 

0.026269 

0.087822 

0.309126 

0.0030633 

0.0006127 

0.0010288 

0.0152174 

0.0185128 

1  1  0 

4 

0.149368 

0,040399 

0.026665 

0.100126 

0.316558 

0.0029743 

0.0005952 

0.0006587 

0.0127528 

0.0166579 

i  .  o 

5 

0.158277 

0.048052 

0.030203 

0.145273 

0*381805 

1 

0.0044357 

0.0006026 

0.0006582 

0.0159867 

0.0207149 

0 

6 

0.167206 

0*049740 

0.032684 

0.162522 

0.412152 

0.0042432 

0.0013931 

0.0008630 

0.0177402 

0.0226664 

§ 
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Table  4-11. 

£  XprfttMPWAL 

rj  our  1 1  o*i 

FAC f PR  5  KM 

H‘*«*SE  12 

cn*n. 

HT. 

AREA  1 

AREA  2 

AREA  3 

FARE  IELi> 

TOTAL 

i 

3 

O.OG38T& 

c*aoiifi4 

0*  1 

;.I  t  4  397 

0 . 0 1  w  2  7 

r.e 0*3901 

3 *000059 7 

0.G00,95*j 

5,. ,ol?L51 

0.0J17936 

2 

3 

^004663 

0.001280 

0.000864 

0.00 35 LB 

0.01U334 

0,000396 l 

U.  *1000699 

0*  000  J*i?  1 

G.CU  7229 

C.OvifiGJO 

3 

3 

C.0C6R41 

V.0SI&28 

0.GCU41 

G.&OSBv 

C .01 3390 

O.OOG7509 

v,  .0009  8  4  6 

0.0001602 

OkjC  3127*8 

O.Qo 32499 

4 

3 

0*C06501 

o.GOim 

U. 07  III* 

9* „U  3841 

0.013235 

0,0004122 

U.O0CC-A61 

0*.  000  -  980 

M./s.i  7  99  3 

O.OjI 8967 

5 

3 

0.GG3739 

O.0U1O33 

0.090653 

0,  Ui  /  5  6  / 

0*0w8026 

0*0003994 

U,00O07i?R 

0*0001463 

0,5019700 

0.GO2G331 

6 

3 

C. Of  6954 

O.OO? 498 

0*001 345 

j ,  jf. 6019 

0.01721? 

C. 0008964 

C.307  1313/ 

0.  00  3,  614 

O.M  51 709 

0.  3«43127 

? 

3 

0.006*07 

P*  CO  MU!  7 

0.001 3 7 ! 

0,  J*  *t  7  1. 

C.0 17*581 

C *000642 2 

0«0Cnt*Wi 

0. OGO 1 f 44 

f  7/4) 

0.002 9073 

1 

6 

C *004 709 

v.Ot-l  *74. 

0*000  .’41 

i,4.  3  79 

0*011 391 

0*0003909 

O.tCOr/9/ 

fi.  00*M  31? 

T  .  M 94 3  3 

0*0020220 

2 

6 

0*006944 

a. GUI  7/  ' 

0,001151 

f.t  0*.  t/H 

0,013790 

ft *0006734 

•«COf 1/45 

0, 0**91  2  ..** 

*  .  '*.  *0  3/6 

L.UC2 7595 

3 

6 

0.007377 

*  ,007. '9 7 

0.  **U  1  45  ? 

0.  . >874 3 

Q. 019969 

0 *000690 7 

mom?*/. 

0.  09014  78 

•I  (  r 2 H 1  1  7 

0,0029639 

4 

6 

0.007339 

»: ,  no  >?04 

0,v*Oi 4  76 

.■3.:  ,,64-  7 

3,r.l?92fe 

9,00  36853 

..,0000985 

0, 9M0I41O 

r-  >  .  /h  "?fi 

0. 0929737 

5 

6 

Q. 004 350 

CJ.0UI2  74 

0-  0«'M  f  9  3 

*1  i.6  36*  7 

0. 010 5 36 

0.000469? 

0*00*’ 17.  3? 

0*09  *  *  l/*  * 

*...3*21414 

0 .902221  ) 

6 

6 

0.0“ 7391 

0.00/340 

0.001437 

fl,  108/98 

0.923067 

0.0  G9R3/6 

c.ocrio?** 

0.  )l'iO/7,  7K 

n.  .4  3  7496 

ft*  0139095 

7 

4 

C. 00 7 794 

0.00?  36.3 

0  *  14>  J  >  ii  / 

1,  -  tj  M44  9 

0.C20154 

C.OTTfcWT 

.*•000/7/9 

0,00? 1 r  4  1 

.*•*  2 69 1  1 

5  <3  /r‘5 

6 

2 

r  *o o  t  ip  / 

C.C.0/0 

(1.03*1  3U  * 

.  ,9  .  7  30 

0.  917.  l‘*H 

0.0011664 

O.Of  >;144U 

0,00  n  *?  ,, 

6.1  <  4  <6  36 

t. 5  94/655 

6 

3 

C  .00695* 

.  UtjA, -98 

C,  ,  3  <  *  v  •.  4 

'  '  1  9 

*  7  /  1  , 

O.O09H969 

J.GU«  i  30  7 

9.U0J.  .  i  . 

■  *  ..-i  .Ifat 

•i.  1.96  31/7 

6 

4 

O.007H1. 3 

0,00217*0 

0.0Q1 391 

0.  r.f  5  '4.  7 

0,  0U.H3H 

0.0^1171  / 

»• *  uClfi  1  4*49 

M.t**ji<.  1  56 

6  1  *  . »  '53 

*! .  6u4  H'.'J  7 

6 

5 

%Of.  767  4 

3,042/4? 

0.0015  1  3 

J.  i  . 

><•  01U  7  36 

0. 00CR2H4 

0.0001861 

0.000.  u  ./ 

f  '  <*.*« 

0.4y4 3426 

6 

6 

0.007391 

0  002  34U 

fl.MI  <  * 

(t  1 

!t.  6  .M  4,  7 

'■'.OOi  H3?0 

000  17*/ 5 

0,1  i  1  ‘  i 

t  i  3(4*3. 

*  ,  9  3  1  *  /» 

6 

7 

0.006994 

u, 002151 

0.  00  (  V 

3.  .1 

9,  ,J|9  36" 

C  .GOO'V'H? 

fl.JHC  30  35 

0.  Oflil  t  85* 

.  i.'  VI. )*  i 

*  .  '.  j’t  4  4  7 

6 

8 

0 .o;47?3 

t  /Jt  163  7 

G.  *  ill  6/ 

<3!  ? 

.  157j/4 

0.  00 '>308  3 

3,O0r 1/5D 

0,00  IU.i  <i 

0  4  6,1  3? 

9.11  366  16 

* 

3 

0.079030 

-  »v?u4M  7 

0,01 22  18 

3.:  31/21 

1.  |9?  *lK 

'.Of  64? 3? 

...0  M  6  7*n 

!».,(*  ’,44#, 

,1  7U5?  1 

'  ,*  1  96<*  *  7 

4 

e  *0H?4?4 

■.*  /  /*.?3 

A  .  1 1  *■»•«< 

.1,  7  .91 

.  /  <»  6/  7 

r .no 3?f 7  5 

o.rr  r*6  nr  4 

o.  J.  1  I  f  <4 

1‘"  ,*  < 

!  .  4  75/74 

{* 

5 

0.096199 

.-.u37??6 

1  .  /  ?  1  6  ? 

i  .  J  361 ?*'»6 

.  /  7  >  ,S7. 

C ,0049552 

I  ,fy  19*350 

0.  J  1  ,f.59  7 

14  3  /  3 

•j,  <i  *4h  ,  7 

r 

4 

C. 102902 

*1.0  361  36 

0.*  ?1  #M 

>.  1  31  69/ 

'.2  9/7.91 

f ,0045369 

u»r  r>r  7*  h  7 

0.  '  OTfij*  7  « 

.  i  *  '*  *6  3 

.  .  ll  »5'*4H 

29 


l 

s' 

t 
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Table  4-12. EXPERIMENTAL  REDUCTION  FACTORS  FOR  HOUSE  13 


GD.PT. 

HT. 

AREA  1 

AREA  2 

AREA  3 

FARFIELD 

TOTAL 

1 

5 

0*006546 

0.001382 

0.000963 

0.000534 

0.009424 

0*0001648 

0.0001211 

0.0000858 

0.0012698 

0.0013247 

2 

5 

0.008239 

0.001680 

0.001114 

0.005972 

0.017005* 

0.0001496 

0.0001127 

0.0000969 

0.0047170 

0.0047217 

3 

5 

0*010886 

0.002253 

0.001555 

0.000834 

0.015528 

O.OC02454 

0.0002294 

0.0001280 

0.0Q19701 

0.0020648 

4 

5 

0.010868 

0.002217 

0.001402 

0.005948 

0.020435* 

0.0002627 

0.0001497 

0.0001433 

0.0067312 

0.0067395 

5 

5 

0.006417 

0.001381 

0.000889 

0.004150 

0.012837* 

0*0001828 

0.0000687 

0.0000894 

0.0038904 

0.0038963 

6 

5 

0*011598 

0.002652 

0.001707 

0,000982 

3.016938* 

0.0006671 

0.0001292 

0.0001888 

0.0031297 

0.0032547 

7 

5 

0.011969 

0.002514 

0.001555 

0.005756 

0.021794* 

0.0003729 

0.0000960 

0.0001504 

0.0063442 

0.0063577 

1 

8 

0.010184 

0.001918 

0.001300 

0.007618 

0.021020* 

0.0001750 

0.0000997 

0.0001151 

0.0051390 

0.0051442 

2 

8 

0.016755 

0.002845 

0.001643 

0.003200 

0.024443* 

0.0003716 

0.0000894 

0.0001282 

0.0054821 

0.0054969 

3 

8 

0.014398 

0.003044 

0.002103 

0.013220 

0.032765* 

0.0004703 

0.0001061 

0.0001632 

0.0069025 

0.0069213 

4 

8 

0.015644 

0.003131 

0.002032 

0.009876 

0,030683* 

0.0002285 

0.0000718 

0.0000977 

O',  0042161 

0.0042240 

5 

8 

0.010856 

0.001610 

0.001300 

0.012321 

0.026087* 

0.0002319 

0.0000766 

0.0001241 

0.0052105 

0.0052177 

6 

8 

0.014062 

0.002986 

0.001970 

0.010330 

0.029348* 

0.0003489 

0.0001619 

0.0001561 

0.0073162 

0.0073279 

7 

8 

0.015123 

0.003098 

0.001927 

0.007399 

0.027547* 

0.0003011 

0.0000992 

0.0001629 

0.0068273 

0.0068365 

6 

4 

0.011393 

0.002542 

0.001500 

0.003767 

0.019202* 

0.0004384 

0.0001201 

0.0001583 

0.0068717 

0.0068885 

6 

5 

0.011598 

0.002652 

0.001707 

0.000982 

0.016938 

0.0006671 

0.0001292 

0.0001888 

0.0031297 

0.0032547 

6 

6 

0.012843 

0.002776 

0.001757 

0.007490 

0.024866* 

0.0003929 

0.0001664 

0.0001528 

0.0072729 

0.0072870 

6 

7 

0.01412!$ 

0.002926 

0.001964 

0.011076 

0.030091* 

0.0003524 

0.0001187 

0.0001832 

0.0077446 

0.0077557 

6 

8 

0.014062 

0.002986 

0.001970 

0.010330 

0.029348* 

0.0003489 

0.0001619 

0.0001561 

0.0073162 

0.0073279 

6 

9 

0.015407 

0.002815 

0.001982 

0.013282 

0.033486* 

0.0005174 

0.0002848 

0.0001841 

0.0101161 

0.0101350 

6 

10 

0.036846 

0.006377 

0.002672 

0.013282 

0.059177* 

0.0010766 

0.0001807 

0.0001533 

0.0101161 

0.0101400 

0 

I 

0.039508 

0.019946 

0.013489 

0.151484 

0.224427 

0.0006372 

0.0005841 

0.0008453 

0.0085480 

0.0112878 

0 

2 

0. 06411,2 

0.027778 

0.019177 

0.174485 

0.285551 

0.0013467 

0.0006291 

0.0005945 

0.0086331 

0.0127557 

0 

3 

0.080539 

0.037426 

0.022110 

0.209194 

0.349270 

0.0019814 

0.0007300 

0.0006562 

0.0106152 

0.0156736 

0 

4 

0.095757 

0.037961 

0.022760 

0.173479 

0.329957 

Q. 0025047 

0.0007239 

0.0006132 

0.0113957 

0.0158541 

•k 

ibid. 
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Table  4-13.  EXPERIMENTAL  REDUCTION  FACTORS  FOR  HOUSE  14 


GD.PT, 

HT. 

AREA  1 

AREA  2 

AREA  3 

FARFIELD 

TOTAL 

l 

5 

0.005386 

0.001473 

0.001003 

0.003966 

0.011827 

0.0003681 

0.0C00649 

0.0000910 

0.0016373 

0.0017250 

2 

5 

0.006599 

0.001703 

0.001199 

0.003966 

0o013467 

0.0003764 

0.0000635 

0.0000926 

0.0016601 

Go GO 17684 

3 

5 

0.008837 

0.002356 

0.001625 

0.005931 

0.018749 

0.0006100 

0.0000848 

0.0001423 

0.0026332 

0.0027753 

4 

5 

0.000692 

0.002260 

0.001523 

0.004728 

0.017204 

0.0003694 

0.0000652 

0.0000964 

0.0016749 

0.0018073 

5 

5 

0.005056 

0.001291 

0.000959 

0.003616 

0.010922 

0.0003838 

0.0000858 

0.0000907 

0.0G169T9 

0.0017807 

6 

5 

0.000806 

0.002593 

O.OOLGG9 

Ot 009249 

Oc 022458 

0.0000199 

0.0001166 

0.0001756 

0,0034359 

0.0036127 

T 

5 

0.009161 

0 .002404 

0.001599 

Ot 005264 

0,.G  18428 

0.0005354 

0.000U36 

0.0001349 

Ot 0024231 

Ot 0025585 

l 

8 

0.008197 

0.001920 

0.00136? 

Ot  002627 

0.0141.06 

0.0003432 

0.0000666 

0.0000870 

Oc 0015539 

0.0016594 

2 

8 

0.012305 

0.002786 

0.001718 

0,000555 

Oc 017364 

0.0004073 

0.0000754 

0.0000960 

0,0017844 

0.0019108 

3 

8 

0.010844 

0.003053 

0.001973 

0,008177 

Oe 024048 

0.0005752 

0.0001315 

0* 000 1365 

0, 0025515 

Oc 00? 7357 

4 

8 

0.012133 

0.002977 

0.002040 

0, 004539 

0.021689 

0.0003602 

0.0000807 

0*0001093 

0,0017547 

0.0019291 

5 

8 

0.008957 

0.001081 

0. 001231 

0.006224 

0.018293* 

0.0003050 

0.0000660 

0.0000917 

0.0039425 

0.0039629 

6 

8 

0..  01 1248 

0.003006 

0.002C01 

Ot  007391 

0.023646 

0.0007911 

OoOOOlOlQ 

0.000176? 

0,0034161 

0,0035982 

7 

8 

0.011004 

0.00297  6 

0.001919 

0, 006924 

0.022023 

0.0005243 

0.0001067 

0.0001139 

0, 0022314 

0.0024136 

6 

4 

0.008793 

0.002503 

0.001706 

0,  007  643 

0.020645 

0.0007722 

0.0001174 

0.00QL890 

0.  0033992 

0.0035564 

6 

5 

0.008C06 

0.002593 

G.0Q1 009 

0. 009249 

0.022458 

0.0008199 

Ot 000 1166 

0.0001756 

U, 0034359 

0.0036127 

6 

6 

0.005118 

0.002793 

0.001807 

Oc  009532 

0.023250 

0.0007220 

0.0001260 

0oGQQI.909 

(it  0032059 

0.0034552 

& 

T 

0.010040 

0.002049 

0.002176 

0, 01Q66C 

0.026740 

0.0007719 

0,0001  179 

0.000188? 

0, 0033938 

0cG035059 

6 

8 

0.01 1240 

0.002870 

OcGO?0(>l 

0,  (106664 

Oc.  0??  7  02 

0.000791 1 

0.0001538 

0.0001762 

0, 0033961 

0.0035719 

6 

9 

0.010825 

0.002630 

0.001832 

0,003830 

0.019117 

0.0008035 

OoQOOl 1 84 

0.0002128 

0, 0076217 

0.0037690 

6 

10 

0.014885 

0.002868 

0.001761 

0.006199 

0.0? 6 71 3* 

0.0012625 

0.0001214 

0.0002006 

0.0084004 

0.0084980 

0 

1 

0.040989 

0.019416 

0.013308 

0. 121255 

0.194968 

0.0043958 

0.0007814 

0.0007231 

Oc  0 165868 

0.0183164 

0 

2 

0.062330 

0.027375 

0.018943 

(1.140249 

0.248897 

0.0082368 

0.0004718 

0.0005913 

0.0196797 

0.0228201 

0 

3 

0.081170 

0.036653 

0.023651 

0.242163 

0.383636 

0.0040476 

0.0005641 

0.0012827 

0.0190918 

0.0231814 

0 

4 

0.091304 

0.036872 

0.023252 

0.197020 

0.348448 

0.0032052 

0.0007474 

0.0009270 

0.0154030 

0.0194018 
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Table  4-14. 

EXPERIMENTAL 

RE0UCTI0N 

FACTORS  FOR 

HOUSE  19 

GD.PT. 

HT. 

AREA  1 

AREA  2 

AREA  3 

FARFIELD 

TOTAL 

1 

6 

0.008416 

0.001930 

0.001191 

0.0Q2186 

0*013724 

0.0009111 

0.0000705 

0.0000929 

0.0027144 

0.0028999 

2 

6 

0.010977 

0.002264 

0.001780 

0.015961 

0.030982* 

0.0001866 

0.0000828 

0.0001180 

0.-0050512 

0.0050567 

3 

6 

0.013538 

0.003195 

0.001753 

0.000979 

0,019465* 

0.0004211 

0.0001533 

0.0001414 

0.0067205 

0.0067369 

4 

6 

0.013950 

0.003007 

0.001943 

0.009243 

0.028143* 

0.0002386 

0.0000895 

0.0001149 

0.0050134 

0.0050212 

5 

6 

0.008007 

0.001836 

0.001219 

0.000266 

0.011328 

0.0001865 

0.0000652 

0.0001072 

0.0012232 

0.0012967 

6 

6 

0.015113 

0.003326 

0.002220 

0.001034 

0.021694 

0.0006497 

0.0002079 

0.0002115 

0.0033920 

0.0035369 

7 

6 

0.014775 

0.003146 

0.001987 

0.008370  ' 

0,028278* 

0.0003927 

0.0001052 

0.0001359 

0.0059224 

0.0059379 

1 

9 

0.024232 

0.003263 

0.002081 

0.009664’ 

0.039213* 

0.0003539 

0.0000791 

0.0001196 

0.0050715 

0.0050858 

2 

9 

0.019929 

0.004077 

0.002514 

0.007453 

0.033973 

0.0048159 

0.0002056 

0.0001254 

0.0060066 

0.0077808 

3 

9 

0.019436 

0.003987 

0.002620 

0.013498 

0.039541* 

0.0006069 

0.0001038 

0.000L897 

0.0078489 

0.0078753 

4 

9 

0.021806 

0.004132 

0.002423 

0.005691 

0.034052* 

0.0002304 

0.0000943 

0.0002766 

0.0110554 

0.0110617 

5 

9 

0.028248 

0.003388 

0.001930 

0.003056 

0.036622* 

0.0002691 

0.0000689 

0.0001025 

0.0043573 

0.0043673 

6 

9 

0.019743 

0.003743 

0.002386 

0.010581 

0.036453* 

0.0005021 

0.0008291 

0.0001929 

0.0220454 

0.0220675 

7 

9 

0.019978 

0.004080 

0.002513 

0.009040 

0.035611* 

0.0002531 

0.0000953 

0.0001355 

0.0058026 

0.0058104 

6 

5 

0.014098 

0.003077 

0.001951 

0.008401 

0.027527* 

0.0003899 

0.0001150 

0.0002186 

0.0090072 

0,0090190 

6 

6 

0.015113 

0.003326 

0.002220 

0.001034 

0.021694 

0.0006497 

0.0002079 

0.0002115 

0.0033920 

0.0035369 

6 

7 

0.016275 

0.003799 

0.002221 

0.001439 

0.023734 

0.0007366 

0.0003659 

0.0002034 

0.0C36759 

0.0038499 

6 

8 

0.017445 

0.003727 

0.002495 

0.013919  - 

0.037586** 

0.0003855 

0.0001279 

0.0002825 

0.0114354 

0.0114961 

6 

9 

0.019743 

0.003743 

0.002386 

0. 010718 

0.036581* 

0.0005021 

0.0008291 

0.0001929 

0.0220454 

p.. 2206  75 

6 

10 

0.051444 

0.009059 

0.004590 

0.010718 

0.075811* 

0.0004125 

0.0004550 

0.0002687 

0.0220454 

0.0220556 

6 

11 

0.061660 

0.014176 

0.007196 

0.010713 

0.093750* 

0.0008377 

0.0004978 

0.0006328 

0,0220454 

0.0220760 

0 

0 

0.021655 

0.007443 

0.005288 

0.036512 

0.070898 

0.0004516 

0.0008629 

0.0007432 

0.0094336 

0.0097863 

0 

1 

0.033170 

0.019678 

0.015370 

0.172593 

0.240812 

0.0007197 

0.0007952 

0.0007309 

0.0092825 

0.0121959 

0 

2 

0.059021 

0.029058 

0.018116 

0.213083 

0.319279 

0.0010078 

0.0005116 

0.0008856 

0.0086829 

0.0135827 

0 

3 

0.074142 

0.030651 

0.019006 

0.189181 

0.312981 

0.0015237 

0.0006315 

0.0012474 

0.0117044 

0.0156245 

* 
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Table  4-15,  EXPERIMENTAL  REDUCTION  FACTORS  FOR  HOUSE  20 


GD.PT 

•  HT. 

AREA  1 

AREA  2 

AREA  3 

FARFIELD 

TOTAL 

l 

3 

0.003637 

0.001204 

0.000821 

Qe005276 

0.010938 

0.0001639 

0.0000625 

0.0000765 

0.0010277 

0.0011038 

2 

3 

0.004094 

0.001304 

0.000093 

0*005297 

0.011588 

0.0001823 

0.0000620 

0.0000795 

0*0010836 

0.0011656 

3 

3 

0.005821 

0.001852 

0.001295 

Gc007T09 

0.016678 

0.0002849 

0.0000819 

0.0001109 

0*0016695 

0.0016899 

4 

3 

0.005559 

0.001757 

0.001231 

0*007229 

0.015776 

0.0002045 

0.0000654 

0.0000840 

0.0011730 

0.0013001 

5 

3 

0.003262 

0.001067 

0.000762 

0. 0040 14 

0.009904 

0.0002001 

0.0000588 

0.0000777 

0.G0U.G59 

0.0011728 

6 

3 

0.006507 

0.002060 

0.001391 

0.000115 

0.018072 

0.0004223 

0.0001158 

0.0001569 

0.0022698 

0.0023890 

7 

3 

0.006288 

0.001925 

0.001319 

0.007137* 

0.016669 

0.0002250 

0.0000871 

0. 0001QG1 

Oc 0014321 

CL.  0015532 

1 

6 

0.004167 

0.001410 

0.001064 

0.00712 G 

Oc 013769 

0.0001796 

0.0000584 

0.0000855 

0.0010883 

0.0011944 

2 

6 

0.006217 

0.001795 

0.001238 

Oc 005734 

Oc 014904 

0.0001737 

<1.0000721 

0.0000855 

Oc  001 1374 

0.0012538 

3 

6 

0.007202 

0.002240 

0.001547 

Oc 00871? 

Oc 019701 

0.0002680 

0.0000827 

0.0001 126 

Oc 001 5381 

0.0016925 

4 

6 

0.007558 

0.002223 

0.001525 

Oc  007387 

0.018694 

0.0001859 

0.0000600 

0.0000812 

0.0010924 

0.0012669 

5 

6 

0.004055 

0.001278 

0.000909 

Oc  0053] 1 

0.011553 

0.0001873 

0.0000621 

0.0000841 

0.0011183 

0.0011907 

6 

6 

0.007372 

0.002241 

0.001347 

0.007393 

0.010352 

0.0005420 

0.0001150 

0.0003549 

0*0031153 

Oc 0032391 

7 

6 

0.007749 

0.002277 

0.001629 

0.006008 

0.019663 

0.0004424 

0.0000820 

0.0001414 

0.0021474 

Oc 0022891 

6 

2 

0.006246 

0.001934 

0.00L295 

0.007152 

0.016627 

0.0003896 

0.0001154 

0.0001515 

0.0021575 

0.0022657 

6 

3 

0.006507 

0.002060 

0.001391 

Oc  00GU5 

Oc  010072 

0.0004223 

0.0001158 

0. 000 l 569 

0.0022698 

0.0023898 

6 

4 

0.007025 

0.002151 

0.001403 

0.007930 

0.010589 

0.0003015 

0.0001157 

0.0001891 

0.0020949 

0.0022117 

6 

5 

0.007304 

0.002168 

0.001511 

0.007540 

0.018522 

0.0002719 

0.0001207 

0.0001556 

0.0019272 

0.0020462 

6 

6 

0.007372 

0.002241 

0.001665 

0.000097 

0.020174 

0.0005420 

0.0001150 

0.0002027 

0.0027983 

0.0029335 

6 

7 

0.006324 

0.002077 

0.001583 

0.009962 

Oc 019947 

0.0002227 

0.0001205 

0.0001749 

Oc  0019089 

0.0020387 

6 

8 

0.004837 

0.001699 

0.001294 

0.009169 

0.016999 

0.0003489 

0.0001168 

0.0001857 

0.0022078 

0.0023125 

0 

3 

0.068083 

0.020006 

0.012911 

0.060553 

0.161554 

0.0024970 

0.0005541 

0.0007246 

0.0119586 

0.0133221 

0 

4 

0.071137 

0.023716 

0.016038 

0.101102 

0.211992 

0.0020785 

0.0007113 

0.0003887 

0.0083482 

0.0110389 

0 

5 

0.079577 

0.029303 

0.019567 

0.140101 

0.268548 

0.0006702 

0.0019282 

0.0008634 

0.0128435 

0.0156714 

0 

6 

0.085419 

0.032090 

0.019493 

0.121256 

0.258257 

0.0065173 

0,0007164 

0.0008101 

0.0216270 

0,0241123 
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TABLE  4-16#  THEORETICAL  REDUCTION  FACTORS  FOR  HOUSE  1 
EMI  =  C0-60 *  USUAL  FLOOR  BARRIER  FACTOR 
EM2  =  FISSION,  USUAL  FLOOR  BARRIER  FACTOR 
EM3  =  CO-60,  MODIFIED  FLOOR  BARRIER  FACTOR 
EM4  =  FISSION,  MODIFIED  FLOOR  BARRIER  FACTOR 


GD.PT. 

HT, 

EMI 

6M2 

EM3 

EM4 

TOTAL  EXP. 

1 

3 

0.005961 

0.009357 

0.008660 

0.011772 

0.010683 

0.0010150 

2 

3 

0.007039 

0.011281 

0.011402 

0.015459 

0.012066 

0.0010447 

3 

3 

0,010726 

0.015750 

0.015538 

0.019597 

0.018241 

0.0014406 

4 

3 

0.009692 

0.014514 

0.014485 

0.018513 

0.016554 

0,0011596 

5 

3 

0.006648 

0.010526 

0,009366 

0.012916 

0.009251 

0,0011410 

6 

3 

0,011545 

0.016809 

0.016271 

0.020465 

0.017776 

0.0024520 

7 

3 

0.010630 

0.015879 

0.015406 

0.019771 

0.016587 

0.0015530 

1 

6 

0.009555 

0.015559 

0.013377 

0.018955 

0.013254 

0.0012894 

2 

6 

0.012460 

0.019374 

0.017762 

0.023616 

0.016179 

0.0013591 

3 

6 

0.017502 

0.027950 

0.022314 

0.031317 

0.021358 

0.0019711 

4 

6 

0.016246 

0.025431 

0.021194 

0.028983 

0.019461 

0.0014218 

5 

6 

0.010235 

0.016844 

0.013958 

0,020097 

0.012207 

0.0011711 

6 

6 

0.017879 

0.029207 

0.022532 

0.032394 

0.024268 

0.0044810 

7 

6 

0.017206 

0.027445 

0.022048 

0.030854 

0.022255 

0.0018946 

6 

2 

0.010216 

0.014768 

0.014977 

0.018564 

0.016154 

0.0029261 

6 

3 

0.011545 

0.016809 

0.016271 

0.020465 

0.017993 

0.0024185 

6 

4 

0.013550 

0.020271 

0.018404 

0.023955 

0.016723 

0.0025553 

6 

5 

0.015588 

0.023854 

0.020376 

0.027302 

0.019968 

0.0026665 

6 

6 

0.017879 

0.029207 

0.022532 

0.032394 

0.020783 

0.0021774 

6 

7 

0.020822 

0.034255 

0.025416 

0.036856 

0.017757 

0.0034593 

6 

8 

0.025414 

0.041801 

0.029877 

0.043512 

0.015234 

0.0026926 

0 

3 

0,450508 

0.450229 

0.450508 

0.450229 

0.329633 

0.0190017 

0 

4 

0.517175 

0.513086 

0.517175 

0.513086 

0.342135 

0.0191135 

0 

5 

0.549092 

0.543345 

0.549092 

0.543345 

0.426912 

0.0255603 

0 

6 

0.554029 

0.547709 

0.554029 

0.547709 

0.393027 

0,0180682 
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TABLE  4-17.  THEORETICAL  REDUCTION  FACTORS  FOR  HOUSE  2 
EMI  =  CD-60,  USUAL  FLOOR  BARRIER  FACTOR 
EM2  =  FISSION,  USUAL  FLOOR  BARRIER  FACTOR 
EM3  =  C0-60,  MODIFIED  FLOOR  BARRIER  FACTOR 
EM4  =  FISSION,  MODIFIED  FLOOR  BARRIER  FACTOR 


GD.PT* 

HT. 

EMI 

EM2 

EM3 

EM4 

TOTAL  EXP. 

1 

4 

0.009178 

0.013484 

0.011739 

0.015778 

0.014726 

0.0009740 

2 

4 

0.011741 

0.016713 

0*015907 

0.020712 

0.015957 

0.0010928 

3 

4 

0.017614 

0.023800 

0.022158 

0.027434 

0.020517 

0.0014657 

4 

4 

0.015815 

0.021563 

0.020354 

0.025350 

0.020599 

0.0010940 

5 

4 

0.009891 

0.014696 

0.012458 

0.016962 

0.012908 

0.0010268 

6 

4 

0.019187 

0.026163 

0.023658 

0.029618 

0.022311 

0,0020434 

7 

4 

0,016821 

0.022996 

0.021338 

0.026682 

0.019875 

0.0014822 

1 

7 

0.016877 

0.024676 

0.020548 

0.027948 

0.017661 

0,0011109 

2 

7 

0.024929 

0.033655 

0.030052 

0.037757 

0.019762 

0.0012689 

3 

7 

0.029791 

0.043794 

0.034369 

0.047019 

0.024845 

0.0016535 

4 

7 

0.028768 

0.041601 

0.033504 

0.045010 

0.024109 

0.0022211 

5 

7 

0.017548 

0.025789 

0.021111 

0.028916 

0.015609 

0.0010581 

6 

7 

0.030250 

0.043870 

0.034660 

0.046940 

0.024711 

0.0018331 

7 

7 

0,029206 

0.042594 

0.033820 

0.045861 

0.024301 

0.0015667 

6 

3 

0.015592 

0.020683 

0.020082 

0.024254 

0.022436 

0.0018512 

6 

4 

0.019187 

0.026163 

0.023658 

0.029618 

0.022311 

0.0020434 

6 

5 

0.021582 

0.030162 

0.026178 

0.033661 

0.022888 

0.0018971 

6 

6 

0.025000 

0.037589 

0.029518 

0.040870 

0.021340 

0.0034261 

6 

7 

0.030250 

0.043870 

0.034660 

0.046940 

0.024711 

0.0018331 

6 

8 

0.036021 

0.051580 

0.040403 

0.054087 

0.024226 

0.0041939 

6 

9 

0.046619 

0.059647 

0.050870 

0.061292 

0.018428 

0.0043937 

0 

2 

0.452083 

0.453480 

0.452083 

0.453480 

0.412914 

0.0201244 

0 

3 

0.505784 

0.488594 

0.505784 

0.488594 

0,401690 

0.0159071 

0 

4 

0.521138 

0.513349 

0.521138 

0,513349 

0.449311 

0.0175549 

0 

5 

0.524716 

0.525915 

0.524716 

0.525915 

0.472815 

Go  0177093 
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TABLE  4-18,  THEORETICAL  REDUCTION  FACTORS  FOR  HOUSE  3 
EMI  =  CO-60,  USUAL  FLOOR  BARRIER  FACTOR 
EM2  =  F I  SSI  ON »  USUAL  FLOOR  BARRIER  FACTOR 
EM3  =  CO-60,  MODIFIED  FLOOR  BARRIER  FACTOR 
EM4  =  FISSION,  MODIFIED  FLOOR  BARRIER  FACTOR 


GD.PT. 

HT. 

EMI 

EM2 

EM3 

EM4 

TOTAL  EXP. 

i 

4 

0.007489 

0.011216 

0.010050 

0.013510 

0.015845 

0*0010432 

2 

4 

0.009310 

0.013765 

0.013476 

0.017763 

0.017103 

0.0011928 

3 

4 

0.014024 

0.019410 

0.018567 

0.023045 

0.022537 

0.0015121 

4 

4 

0.012628 

0.017713 

0.017168 

0.021500 

0.021999 

0.0012367 

5 

4 

0.008178 

0.012389 

0.010743 

0.014654 

0.013753 

0,0010393 

6 

4 

0.015208 

0.021064 

0.019679 

0.024519 

0.023278 

0.0021824 

7 

4 

0.013584 

0.019107 

0.018101 

0.022793 

0.022588 

0.0015372 

1 

7 

0.013064 

0.019698 

0.016736 

0.022970 

0.018705 

0.0011823 

2 

7 

0.018519 

0.025968 

0.023642 

0.030069 

0.021198 

0.0012274 

3 

7 

0.023354 

0.035134 

0.027932 

0.038358 

0.028074 

0.0016958 

4 

7 

0.022260 

0.032812 

0.026995 

0.036222 

0.027049 

0,0013482 

5 

7 

0.013720 

0.020883 

0.017283 

0.024011 

0.017204 

0.0010841 

6 

7 

0.023721 

0.035813 

0.028131 

0.038883 

0.027815 

0,0021767 

7 

7 

0.022923 

0.034307 

0.027536 

0.037575 

0.027870 

0.0018290 

6 

3 

0.012774 

0.017414 

0.017265 

0.020985 

0.023407 

0.0019384 

6 

4 

0.015208 

0.021064 

0.019679 

0.024519 

0.023278 

0.0021824 

6 

5 

0.017377 

0.024754 

0.021973 

0.028254 

0.025673 

0.0023494 

6 

6 

0.020034 

0.030067 

0.024552 

0.033348 

0.026251 

0.0020858 

6 

7 

0.023721 

0.035813 

0.028131 

0.038883 

0.027242 

0.0021293 

6 

8 

0.027992 

0.042037 

0.032374 

0.044544 

0.024188 

0.0020555 

6 

9 

0.035324 

0.049603 

0.039574 

0.051248 

i 

0.020731 

0.0020134 

0 

2 

0.447953 

0.448830 

0.447953 

0.448830 

0.412052 

0.0183950 

0 

3 

0,502906 

0.484354 

0.502906 

0.484354 

0.424609 

0.0185616 

0 

4 

0.518874 

0.510544 

0.518874 

0.510544 

0.541558 

0.0258927 

0 

5 

0.522618 

0.523327 

0.522618 

0.523327 

0.482274 

0.0224553 
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TABLE  4-19.  THEORETICAL  REDUCTION  FACTORS  FOR  HOUSE  4 
EMI  =  C0-60,  USUAL  FLOOR  BARRIER  FACTOR 
EM2  =  FISSION,  USUAL  FLOOR  BARRIER  FACTOR 
EM3  =  C0-60,  MODIFIED  FLOOR  BARRIER  FACTOR 
EM4  =  FISSION,  MODIFIED  FLOOR  BARRIER  FACTOR 


GD.PT. 

HT. 

EMI 

EM2 

EM3 

EM4 

TOTAL  EXP. 

1 

5 

0.009388 

0.013361 

0.011792 

0.015520 

0.017143 

0,0010117 

2 

5 

0.012354 

0.016833 

0.016293 

0,020622 

0.019684 

0.0011811 

3 

5 

0.017813 

0.023849 

0.022063 

0.027250 

0,024474 
0.001529 2 

4 

5 

0.016326 

0.021898 

0.020585 

0.025450 

0.023527 

0.0012020 

5 

5 

0.010318 

0.014824 

0.012719 

0,016951 

0.015345 

0,0010788 

6 

5 

0.019040 

0.025554 

0.023211 

0.028782 

0.026526 

0.0020227 

7 

5 

0.017212 

0.023483 

0,021446 

0.026942 

0.024376 

0.0015118 

1 

8 

0.019564 

0.026259 

0.023067 

0,029389 

0.019979 

0.0011011 

2 

R 

0.027836 

0.037009 

0.032752 

0.040947 

0.022658 

0,0012235 

3 

8 

0.031096 

0.043509 

0.035408 

0.046570 

0,028476 

0.0017972 

4 

8 

0.030389 

0.041967 

0.034865 

0.045205 

0.027779 

0.0013570 

5 

8 

0.019959 

0.027068 

0.023339 

0.030054 

0.017846 

0.0010269 

6 

8 

0.030913 

0.043615 

0.035061 

0.046542 

0.028771 

0.0026366 

7 

8 

0.030623 

0.042792 

0.034980 

0.045900 

0.029691 

0.0019983 

6 

4 

0.016440 

0.021676 

0.020636 

0.025007 

0.026207 

0.0018612 

6 

5 

0.019040 

0.025554 

0.023211 

0.028782 

0.026526 

0.0020227 

6 

6 

0.021829 

0.030969 

0.026104 

0.034254 

0.025680 

0.0024753 

6 

7 

0.025888 

0.036689 

0.030112 

0.039790 

0.027351 

0.0020197 

6 

8 

0.030913 

0.043615 

0.035061 

0.046542 

0.028771 

0.0026366 

6 

9 

0.038034 

0.050036 

0,042146 

0.052418 

0.024305 

0.0019358 

6 

10 

0.055450 

1 

0.066450 

0.059472 

0.068024 

0.025575 

0.0057603 

0 

1 

0.350067 

C. 325212 

0.35C067 

0.325212 

0.511675 

0.0190060 

0 

2 

0.436225 

0.420014 

0.436225 

0.420014 

0.477203 

0.0193162 

0 

3 

0.473351 

0.452386 

0.473351 

0.452386 

0.525526 

0.0250712 

0 

4 

0.488116 

0.486465 

0.488116 

0.486465 

0.532525 

0.0216389 
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TABLE  4-20.  THEORETICAL  REDUCTION  FACTORS  FOR  HOUSE  5 
EMI  =  CG-60,  USUAL  FLOOR  BARRIER  FACTOR 
EM2  =  FISSION,  USUAL  FLnOR  BARRIER  FACTOR 
EM3  =  CO-60,  MODIFIED  FLuOR  BARRIER  FACTOR 
EM4  =  FISSION,  MODIFIED  FLOOR  BARRIER  FACTOR 


GD.PT. 

HT. 

EMI 

EK2 

EM3 

£M4 

TOTAL  EXP, 

1 

5 

0.013164 

0.018233 

0.015568 

0.020392 

0.016476 

0.0013761 

2 

5 

0.018026 

0.023397 

0.021965 

0.027185 

0.017839 

0.0013909 

3 

5 

0.025526 

0.033545 

0.029776 

0.036946 

0.022933 

0*0022305 

4 

5 

0.023508 

0.030740 

0.027767 

0.034293 

0.021785 

0.0016287 

5 

5 

0.014399 

0.020105 

0.0168G1 

0*022231 

0.G14658 

0.0012999 

6 

5 

0.027224 

0.036060 

0.031394 

0.039288 

0.023264 

0.0026914 

7 

5 

0.024405 

0.032618 

0.028639 

0.036078 

0.024909 

0.0018995 

1 

8 

0.030289 

0.038938 

0,033792 

0.042069 

0.018031 

0.0014640 

2 

8 

0.044097 

0.057523 

0.049013 

0.C61460 

0.066779 

0.G108122 

3 

8 

0.046083 

0.062358 

0.050395 

0.065418 

0.027773 

0.0026111 

4 

8 

0.045790 

0.061768 

0.050266 

0.065005 

0.026234 

0.0018278 

5 

8 

0.030465 

0.039283 

0.033845 

0.042269 

0,016297 

0.0015362 

6 

8 

0.045471 

0.061214 

0.049619 

0.064141 

0.025684 

0.0029826 

« 

8 

0.045383 

0.061356 

0.049740 

0.064464 

0.029612 

0.0051091 

6 

4 

0.023237 

0.030044 

0.027433 

0.033373 

0.023731 

0.0028119 

6 

5 

0.027224 

0.036060 

0.031394 

0.039288 

0.023264 

0,0026914 

6 

6 

0.031000 

0.043898 

0.035275 

0.047184 

0.025625 

0.0033506 

6 

7 

0.037383 

0.052267 

0.041607 

0.055368 

0.024779 

0.0025971 

6 

8 

0.045471 

0.061214 

0.049619 

0.064141 

0.025684 

0.0029826 

6 

9 

0.057358 

0.069622 

0.061471 

0.072005 

0.022532 

0.0031851 

6 

10 

0.110369 

0.112227 

0.114391 

0.113801 

0.066785 

0.0266799 

0 

1 

0.359777 

0.337434 

0,359777 

0.337434 

0*465382 

0.0185390 

0 

2 

0.443103 

0.428838 

0.443103 

0.428838 

0.506345 

0.0195836 

0 

3 

0.478445 

0.459333 

0.478445 

0.459333 

0.573378 

0.0216081 

0 

4 

0.492432 

0.491796 

0.492432 

0.491796 

0.512098 

0.02L2519 
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TABLE  4-21#  THEORETICAL  REDUCTION  FACTORS  FOR  HOUSE  6 
EMI  =  CO-60,  USUAL  FLOOR  BARRIER  FACTOR 
FM2  =  FISSION,  USUAL  FLOOR  BARRIER  FACTOR 
EM3  =  C0-60 »  MODIFIED  FLOOR  BARRIER  FACTOR 
EM4  =  FISSION,  MODIFIED  FLOOR  BARRIER  FACTOR 


GD.PTe 

HT. 

FM1 

EM2 

EM3 

EM4 

TOTAL  EXP. 

1 

6 

Q. 018632 

0.024669 

0.020853 

0.026668 

0.017974 

0.0011290 

2 

6 

0#  C26566 

0.032485 

0.030239 

0.036022 

0.019253 

0.0012109 

3 

6 

0,035478 

0.046584 

0.039386 

0.049717 

0.026473 

0.0016885 

4 

6 

0,033405 

0,042516 

0.037338 

0,045795 

0.025405 

0.0013106 

5 

6 

0.019653 

0.026446 

0.021862 

0.028407 

0.015694 

0.0010262 

6 

6 

0.036650 

0.04981C 

0,040447 

0.052774 

0.028347 

0.0020530 

7 

6 

C. 034343 

0.044961 

0.038255 

0.048162 

0.025693 

0,0020370 

1 

9 

0.080032 

0.092079 

0.083334 

0.095043 

0.029478 

0.0033284 

2 

9 

0.079330 

0.092779 

0.084001 

0.096521 

0.037911 

0.0033603 

3 

9 

0.069503 

0.082843 

0.073509 

0.085719 

0.032581 

0.0021345 

4 

9 

0.071654 

0.085268 

0.075840 

0.088313 

0.032351 

0.0016250 

5 

9 

0.078639 

0.090568 

0.081810 

0.C93388 

0.033089 

0.0033248 

6 

9 

0.066844 

0.079299 

0,070660 

0.082038 

0.031102 

0.0024610 

7 

9 

0.069322 

0.082633 

0.073393 

0.085562 

0.030122 

0.0019349 

6 

5 

0.031274 

0.039943 

0.035124 

0.042998 

0.027355 

0.0019022 

6 

6 

0.036650 

0.049010 

0.040447 

0.052774 

0.028347 

0.0020530 

6 

7 

0.043391 

0.058594 

0.047319 

0.061647 

0.029979 

0.0021735 

6 

8 

0.052613 

0.069622 

0.056521 

0.072527 

0.031115 

0.0028053 

6 

9 

0.066844 

0.079299 

0,070660 

0.082038 

0.031102 

0.0024610 

6 

10 

0.121540 

0.122422 

0.125076 

0.124670 

0.071416 

0.0079659 

6 

11 

0.141021 

0.149254 

0. 144781 

0* 1 50743 

0.077266 

0.0118159 

0 

0 

■  0.129676 

0.150703 

0.129676 

0.150703 

0.083526 

0.0056125 

0 

1 

0.355381 

O-o  320441 

0.355381 

0,320441 

0,431017 

0.0154516 

0 

2 

0.418088 

0.400673 

0.418088 

0.400673 

0.616346 

0.0225181 

0 

3 

0.450382 

0.437702 

0.450382 

0.437702 

0.498489 

0.0193722 
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TABLE  4-22*  THEORETICAL  REDUCTION  FACTORS  FOR  HOUSE  7 
EMI  =  m-60,  USUAL  FLOOR  BARRIER  FACTOR 
EM2  =  FlLoION,  USUAL  FLOOR  BARRIER  FACTOR 
EM3  =  CO-60 ,  MODIFIED  FLOOR  BARRIER  FACTOR 
EM4  =  FISSION,  MODIFIED  FLOOR  BARRIER  FACTOR 


GO. FT. 

HT. 

EMI 

EM2 

EM3 

EM4 

TOTAL  EXP. 

1 

6 

0*012003 

0.016281 

0.014223 

0.018280 

0.018109 

0.0011849 

2 

6 

0.016494 

0,021005 

0.020167 

0.024542 

0,021054 

0,0014329 

3 

6 

0*022578 

0.029797 

Oo  026486 

0.032931 

0.025915 

0.0017757 

4 

6 

0.021085 

0.027279 

0.025019 

0.030558 

0.024848 

0.0013197 

5 

6 

0.012810 

0.017664 

0.015019 

0.019625 

0.016923 

0.0012345 

6 

6 

0.023500 

0.031782 

0.027298 

0.034746 

0.028395 
Oc  0022183 

7 

6 

0.021968 

0.029102 

0.025879 

0.032303 

0.027390 

0.0021727 

1 

9 

0.043636 

0.050903 

0.046938 

0.053868 

0.028360 

0.0033183 

2 

9 

0.044813 

0.053250 

0.049484 

0.056992 

0.029524 

0,0032545 

3 

9 

0.042230 

0.052751 

0.046237 

0.G55627 

0.027236 

0.0023064 

4 

9 

0.042735 

0.052629 

0.046920 

0,055675 

0.031115 

0.0015921 

5 

9 

0.043237 

0.050806 

0.046408 

0.053626 

0.029524 

0.0032545 

6 

9 

0.040990 

0.051656 

0.044806 

0.054395 

0.030244 

0.0024503 

7 

9 

Oo  042015 

0.052^00 

0.046086 

0.055328 

0.030855 
0*  C019582 

6 

5 

0.020272 

0.026167 

0.024123 

0.029223 

0.027014 

0.0023583 

6 

6 

0.023500 

0.031782 

0.027298 

0.034  746 

0, 028395 
0.0022183 

6 

7 

0,027691 

0.037608 

0.031619 

0.040661 

0,029891 

0.0021160 

6 

S 

0.033090 

0.044500 

0.036997 

0.047406 

0.030460 

0.0022442 

6 

9 

0.040990 

0.051656 

0.044806 

0.054395 

0.030244 

0.0024503 

6 

10 

0.058306 

0.067102 

0.062128 

0,068951 

0.034631 

0.0024451 

6 

11 

0.065966 

0.078816 

0.069727 

0.080305 

0.036959 

0.0040507 

0 

0 

0.107878 

0.127510 

0.107878 

0.127510 

0.080911 

0.0055720 

0 

1 

0.343150 

0.304477 

0.343150 

0.304477 

0.444348 

0.0154040 

0 

2 

0.409122 

0.389260 

0.409122 

0.389260 

0.542187 

0,0192923 

0 

3 

0.443285 

0.428298 

0.443285 

0.428298 

0.580535 

0.0230624 
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TABLE  4-23*  THEORETICAL  REDUCTION  FACTORS  FOR  HOUSE  8  AND  9 
EMI  *  CCl-60,  USUAL  FLOOR  8ARRIER  FACTOR 
EM2  =  FISSION,  USUAL  FLOOR  BARRIER  FACTOR 
EM3  =  C0-60,  MODIFIED  FLOOR  BARRIER  FACTOR 
EM4  =  FISSION,  MODIFIED  FLOOR  BARRIER  FACTOR 


GD.PT* 

HT 

EMI 

EM2 

EK3 

EM4 

TOTAL  EXP, 

1 

6 

0*019318 

0*025897 

0.021538 

0.027897 

0.019690 

0.0019120 

2 

6 

Oe  026743 

0.032733 

0.030415 

0.036271 

0.019982 

0.0016119 

3 

6 

0*036081 

0.048304 

0.039990 

0.051437 

0,029319 

0,0025069 

4 

6 

0*033997 

0.043706 

0.037931 

0.046985 

0.029352 

0.0019618 

5 

6 

0.020261 

0.027632 

0.022470 

0.029594 

0,0l77r^ 

0.0015104 

6 

6 

0.037279 

0.052003 

0.041077 

0.054996 

0.031023 

0.0030099 

7 

6 

0.035074 

0.046627 

0.038986 

0.049828 

0.029085 

0.0023676 

I 

9 

0.092181 

0.106298 

0.095483 

0,109263 

0.051961 

0.0061458 

2 

9 

0.089352 

0.104654 

0.094024 

0.108396 

0.043554 

0.0025166 

3 

9 

0.077598 

0.091869 

0.081604 

0.094744 

0.042052 

0.0029040 

4 

9 

0.080315 

0.095347 

0.0845C0 

G. 098392 

0.044465 

0.0027433 

5 

9 

0.090362 

0.104148 

0.093534 

0.106968 

0.057596 

0.0061511 

6 

9 

0.074519 

0.087372 

0.078335 

0.090111 

0.041136 

0.0036503 

7 

9 

0.077683 

0.092056 

0.081754 

0.094984 

0.042514 

0.0032639 

6 

5 

0.031362 

0.040379 

0.035313 

0.043434 

0.028595 

0.0027792 

6 

6 

0.037279 

0.052003 

0.041077 

0.054996 

0.030033 

0.0295240 

6 

7 

0.045293 

0.062456 

0.049221 

0.065509 

0.033301 

0.0028832 

6 

8 

0.056638 

0.076369 

0.060545 

0.079274 

0.037292 

0.0036264 

6 

9 

0.074519 

0.087372 

0.078335 

0.090111 

0.041136 

0.0036503 

6 

10 

0.310902 

0.278019 

0.314724 

0.280267 

0.158510 

0.0376414 

6 

11 

0.397806 

0.391054 

0.401566 

0.392543 

0.241592 

0.0330852 

0 

0 

0.212956 

0.237034 

0,212956 

0.237034 

0.068030 

0.0057075 

0 

1 

0.395008 

0.371217 

0.  395CC8 

0.371217 

0.442494 

0,0185777 

0 

2 

0.44-5377 

0.432940 

0.445377 

0.432940 

0.555536 

0.0262207 

0 

3 

0.471205 

0.464064 

0.4712C5 

0.464064 

0. 519137 
0.0260666 
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TABLE  4-24*  THEORETICAL  REDUCTION  FACTORS  FOR  HOUSE  10 
EMI  =  C0-60,  USUAL  FLOOR  BARRIER  FACTOR 
EM2  =  FISSION,  USUAL  FLOOR  BARRIER  FACTOR 
EM3  =  C0-60,  MODIFIED  FLOOR  BARRIER  FACTOR 
EM4  =  FISSION,  MODIFIED  FLOOR  BARRIER  FACTOR 


GD.PT. 

HT. 

EMI 

EM2 

EM3 

FM4 

TOTAL  EXP. 

1 

6 

0.018632 

0.024669 

0.020853 

0.026668 

0.018592 

0.0011913 

2 

6 

0.026566 

0.032485 

0.030239 

0.036022 

0.019077 

0.0012253 

3 

6 

0.035478 

0.046584 

0.039386 

0.049717 

0.026765 

0.0018739 

4 

6 

0.033405 

0.042516 

0.G37338 

0.045795 

0.02462 2 
0.0014035 

5 

6 

0.019653 

0.026446 

0.021862 

0.028407 

0.015579 

0.0011094 

6 

6 

0.036782 

0.050023 

0.040579 

0.052987 

0.028224 

0.0025537 

7 

6 

C. 034343 

0.044961 

0.038255 

0.048162 

0.025299 

0.0017085 

1 

9 

0.080032 

0.092079 

0.083334 

0.095043 

0.034728 

0.0036656 

2 

9 

0.079330 

0.092779 

0.084001 

0.096521 

0.035323 

0.0058587 

3 

9 

0.069503 

0.082843 

0.073509 

0.085719 

0.032720 

0.0021511 

4 

9 

0.071654 

0.085268 

0.075e40 

0.088313 

0.032306 

0.0018505 

5 

9 

0.078639 

0.090568 

0.081810 

0.093388 

0.033396 

0.0036844 

6 

9 

0.067527 

0.080379 

0.071343 

0.083118 

0.029608 

0.0023302 

7 

9 

0.069322 

0.082633 

0.073393 

0.085562 

0.032485 

0.0019144 

6 

5 

0.031365 

0.040091 

0.035215 

0.043146 

0.027093 

0.0027242 

6 

6 

0.036782 

0.050023 

0.040579 

0.052987 

0.028224 

0.0025537 

6 

7 

0.043598 

0.058927 

0.047526 

0.061980 

0.029932 

0.0028368 

6 

8 

0.052958 

0.070175 

0.056866 

0.073080 

0.031622 

0.0025477 

6 

9 

0.067527 

0.080379 

0.071343 

0.003118 

0.029608 

0.0023302 

6 

10 

0.122821 

0.124867 

0.126643 

0.127115 

0.077345 

0.0323379 

6 

11 

0. 143269 

0.152749 

0.147029 

0.154238 

0.094563 

0.0323326 

0 

0 

0.115291 

0.140231 

0.115291 

0.140231 

0.088061 

0.0074716 

0 

1 

0.305999 

0.289091 

0.305999 

0.289091 

0.392661 

0.0164581 

0 

2 

0.360246 

0.360729 

0.360246 

0.360729 

0.445886 

0.0183911 

0 

3 

0.389533 

0.395723 

0.389533 

0.395723 

0.472545 

0.0190464 

TABLE  4-25.  THFORETI CAL  REDUCTION  FACTORS  FOR  HOUSE  11 
EMI  -  CO-60,  USUAL  FLOOR  BARRIER  FACTOR 
CM2  =  FISSION,  USUAL  FLOOR  BARRIER  FACTOR 
EM3  =  CO-60 ,  MODIFIED  FLOOR  BARRIER  FACTOR 
FM4  =  FISSION,  MODIFIED  FLOOR  BARRIER  FACTOR 


GD.PT. 

HT. 

EMI 

EM2 

EM3 

EM4 

TOTAL  EXP. 

1 

3 

0.005061 

0.009357 

0.008660 

0.011772 

0.010231 

0.0012119 

2 

3 

0.007039 

0.011281 

0.011402 

0,015459 

0.010049 

0.0011974 

3 

3 

0.010726 

0.015750 

0.015538 

0.019597 

0.013120 

0.0019458 

4 

3 

0.009692 

0.014514 

0.014485 

0.018513 

0.013431 

0.0013588 

5 

3 

0.006648 

0.010526 

0.009366 

0.012916 

0.008356 

0.0012630 

6 

3 

0.011668 

0.017014 

0,016394 

0.020670 

0.015004 

0.0024753 

7 

3 

0.010630 

0.015879 

0.015406 

0.0197  ?1 

0.015218 

0.0017672 

1 

6 

0.009555 

0.015559 

0.013377 

0.018955 

0.010475 

0.0013579 

2 

6 

0.012460 

0.019374 

0.017762 

0.023616 

0.012699 

0.0013334 

3 

6 

0.017502 

0.027950 

0.022314 

0.031317 

0.020079 

0.0019291 

4 

6 

0.016246 

0.025431 

0.021194 

0.028983 

0.018460 

0,0016790 

5 

6 

0.010235 

0.016844 

0.013958 

0.020097 

0.008582 

0.0012004 

6 

6 

0.018502 

0.030220 

0.023155 

0.C33422 

0.020691 
C. 0027073 

7 

6 

0.017206 

0.027445 

0.022048 

0.030854 

0.018613 

0.0020126 

6 

2 

0.010302 

0.014913 

0.015063 

0.018709 

0.015186 

0.0022555 

6 

3 

0.011668 

0.017014 

0.016394 

0.020670 

0.015203 

0.0026186 

6 

4 

0.013744 

0.020594 

0.018598 

0.024278 

0.015019 

0.0026724 

6 

5 

0.015905 

0.024379 

0.020693 

0.027827 

0.020071 

0.0031139 

6 

6 

0.018502 

0.030220 

0.023155 

0.033422 

0.020691 

0.0027073 

6 

7 

0.022240 

0.036537 

0.026834 

0.039138 

0.017549 

0.0022182 

6 

8 

0.027057 

0.044421 

0.031520 

0.046132 

0.016487 

0.0023367 

0 

3 

0.441848 

0.455520 

0.441848 

0.455520 

0.309126 

0,0185128 

0 

4 

0.469245 

0.483026 

0.469245 

0.483026 

0.316558 

0,0166579 

0 

5 

0.474808 

0.488657 

0.474808 

0.488657 

0.381805 

0.0207149 

0 

6 

0,477880 

0.500488 

0.477880 

0.500488 

0.412152 

0.0226664 
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TABLE  4-26.  THEORETICAL  REDUCTION  FACTORS  FOR  HOUSE  12 
EMI  =  CO-60 1  USUAL  FLOOR  BARRIER  FACTOR 
EM2  =  FISSION,  USUAL  FLOOR  BARRIER  FACTOR 
EM3  =  CO-60,  MODIFIED  FLOOR  8ARRIER  FACTOR 
EM4  =  FISSION,  MODIFIED  FLOOR  BARRIER  FACTOR 


GD.PT. 

HT, 

EMI 

EM2 

EM3 

EM4 

TOTAL  EXP. 

1 

3 

0.006035 

0.009460 

0.008842 

0.011954 

0.010270 

0.0017936 

2 

3 

0.007298 

0.011640 

0.012019 

0.016195 

0.010334 

0.0018030 

3 

3 

0.011141 

0.016509 

0.016214 

0,020638 

0.013390 

0.0032499 

4 

3 

0.010063 

0.015160 

0. 015i43 

0.019461 

0.013235 

0.0018987 

5 

3 

0,006760 

0.010658 

0.009593 

0.013124 

0.003026 

0.0020331 

6 

3 

0.011996 

0.017618 

0.016952 

0.021504 

0.017212 

0.0043127 

7 

3 

0.010987 

0.016508 

0.015989 

0.020634 

0.016581 

0.0029070 

1 

6 

0.009432 

0.015194 

0.013352 

0.018682 

0.011391 

0.0020220 

2 

6 

0.012654 

0.019615 

0.018186 

0.024119 

0.013790 

0.0027595 

3 

6 

0.017653 

0.027986 

0.022530 

0,031384 

0.019969 

0.0029639 

4 

6 

0.016384 

0.025530 

0.021415 

0.029151 

0.017926 

0.0029737 

5 

6 

0.010155 

0.016512 

0.013978 

0,019849 

0.010036 

0.0022210 

6 

6 

0.018043 

0.029122 

0.022746 

0.032313 

0.020067 

0.0039055 

7 

6 

0.017279 

0.027366 

0.022158 

0.030790 

0.020154 

0.0030405 

6 

2 

0.010678 

0.015604 

0.015711 

0.019686 

Oo  0161 58 
0.0042655 

6 

3 

0.011996 

0.017618 

0.016952 

0.G21504 

0.017212 

0.0043127 

6 

4 

C. 013935 

0.020935 

0.018957 

0.024683 

0.016838 

0.0048097 

6 

5 

0,015900 

0.024358 

0,020803 

0.027895 

0.018738 

0.0043425 

6 

6 

0.018043 

0.029122 

0.022746 

0.032313 

0.020067 

0.0039055 

6 

7 

0.02C612 

0.033488 

0.025154 

0.036025 

0.018365 

0.0040647 

6 

8 

0.024623 

0.039956 

0.028933 

0.041585 

0.015624 

0.0035615 

0 

3 

0.237295 

0.249658 

0.237295 

0.249658 

0. 142958 
0.0195497 

0 

4 

0.317912 

0.313417 

0.317912 

0.3134L7 

0.256627 

0.0175274 

0 

5 

0.336926 

0.338753 

0.336926 

C. 338753 

0.290956 

0.0194807 

0 

6 

0.345017 

0.350176 

0.345017 

0.350176 

0.292691 

0.0195948 
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TABLE  4-27.  THEORETICAL  REDUCTION  FACTORS  FOR  HOUSE  13 
EMI  =  C0-60 1  USUAL  FLOOR  BARRIER  FACTOR 
EM2  =  - 1  SSI  ON «  USUAL  FLOOR  BARRIER  FACTOR 
EM2  =  C0-60 f  MODIFIED  FLOOR  BARRIER  FACTOR 
EM4  =  FISSION,  MODIFIED  FLOOR  BARRIER  FACTOR 


GD.PT. 

HT. 

EMI 

EM2 

EM3 

EM4 

TOTAL  EXP. 

1 

5 

0.013211 

0.018278 

0.0157C1 

0.020498 

0.009424 

0.0013247 

2 

5 

0.018240 

0.023677 

0.022494 

0,027799 

0.017005 

0.0047217 

3 

5 

0.025842 

0.034145 

0.030294 

0.037772 

0.015528 

0.0020648 

4 

5 

0.023799 

0.031242 

0.028289 

0.035039 

0.020435 

0.0067395 

5 

5 

0.014474 

0.020167 

0.016965 

0.022350 

0.012837 

0.0038963 

6 

5 

0.027569 

0.036704 

0.031915 

0.040114 

0.016935 

0.0U32547 

7 

5 

0.024674 

0.033110 

0.029083 

0.036758 

0.027794 

0.0063577 

1 

a 

0.030152 

0.038568 

0.033732 

0.041778 

0.021020 

0.0051442 

2 

8 

0.044250 

0.057707 

0.049369 

0.061880 

0.024443 

0.0054969 

3 

8 

0.046140 

0.062226 

0.050483 

0.065290 

0.032765 

0.0069213 

4 

8 

0.045848 

0.061739 

0.050:]i74 

0.065020 

0.030683 

0.0042240 

5 

8 

0.030357 

0.038925 

0.0331114 

0.041982 

0.026087 

0.0052177 

6 

8 

0.045518 

0.0o0982 

0.049(180 

0.063879 

0.029348 

0.0073279 

7 

8 

0.045382 

0.061127 

0. 049752 

0.064229 

0.027547 

0.0068365 

6 

4 

0.023598 

0.030721 

0.028BC7 

0.034282 

0.019202 

0.0068885 

6 

5 

0.027569 

0.036704 

0.031/915 

0.040114 

0.016938 

0.0032547 

6 

6 

0.031275 

0.044396 

0.033670 

0.047795 

0.024866 

0.0072877 

6 

7 

0.037579 

0.052607 

0.041i8  76 

0. 055767 

0.030091 

0.0077557 

6 

8 

0.045518 

0.060982 

0.04/9680 

0.063879 

0.029348 

0.0073279 

6 

9 

0.057059 

0.068695 

0. oil  098 

0.071000 

0.033486 

0.0101350 

6 

10 

0.109529 

0.110222 

0. 113390 

0.111706 

0. 059177 
0.0101400 

0 

1 

0, 187187 

0.194630 

0.187187 

0.194630 

0.224427 

0.0112878 

0 

2 

0.282601 

0.274063 

0.282601 

0.274063 

0.285551 

0.0127557 

0 

3 

0.310916 

0.307850 

0.310916 

0.307850 

0.349270 

0.0156736 

0 

4 

0.323099 

0.326521 

0.323099 

0.326521 

0. 329957 
0.0158541 
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TABLE  4-28.  THEORETICAL  REDUCTION  FACTORS  FOR  HOUSE  14 
EMI  =  C0-60,  USUAL  FLOOR  BARRIER  FACTOR 
EM2  =  FISSION,  USUAL  FLOOR  BARRIER  FACTOR 
EM3  =  CO-60 ,  MODIFIED  FLOOR  BARRIER  FACTOR 
EM4  =  FISSION,  MODIFIED  FLOOR  BARRIER  FACTOR 


GD.PT. 

HT. 

EMI 

FM2 

EM3 

EM4 

TOTAL  EXP, 

1 

5 

0.009435 

0.013406 

0.011925 

0.015626 

0.011827 
0. CO 172 50 

2 

5 

0.012568 

0.017113 

0.016822 

0.021235 

0.013467 

0.0017684 

3 

5 

0.018129 

0.024450 

0.022581 

0.028076 

0.018749 

0.0027753 

4 

5 

0.016618 

0.022399 

0.021107 

0.026197 

0.017204 

0.0018073 

5 

5 

0.010392 

0.014887 

0,012883 

0.017070 

0.010922 

0.0017807 

6 

5 

0,019415 

0.026197 

0.023731 

0.029608 

0.022458 

0.0036127 

7 

5 

0.017481 

0.023974 

0.021890 

0.027622 

0.018428 

0.0025585 

1 

8 

0.019427 

0.025888 

0.023008 

0.029098 

0.014106 

0.0016594 

2 

8 

0.027989 

0.037193 

0.033108 

0.041367 

0.017364 

0.0019188 

3 

8 

0.031152 

0.043377 

0.035496 

0.046442 

0.024048 

0.0027357 

4 

8 

0.030447 

0.0^x939 

0.034973 

0.045219 

0.021689 

0.0019291 

5 

8 

0.019851 

0.026710 

0.0233C8 

0.029767 

0.018293 

0.0039629 

6 

8 

0.030960 

0,043382 

0.035122 

0.046280 

0.023646 

0.0035982 

7 

8 

0.030622 

0.042564 

0.034992 

0.045666 

0.022823 

0.0024136 

6 

4 

C. 016801 

0.022353 

0.021210 

0.025914 

0.020645 

0.0035564 

6 

5 

0.019415 

0.026197 

0.023731 

0.029608 

0.022458 

0.0036127 

6 

6 

0.022104 

0.031467 

0.026499 

0.034866 

0.023250 

0.0034552 

6 

7 

0.026084 

0.037028 

0.030381 

0.040189 

0.025740 

0.0035859 

6 

8 

0.030960 

0.043382 

0.035122 

0.046280 

0.022782 

0.0035719 

6 

9 

0.037735 

0.049109 

0.047740 

0,051413 

0.019117 

0.0037690 

6 

10 

0.054610 

0.064445 

0.058471 

0.065930 

0.025713 

0.0084980 

0 

1 

0.177477 

0.182408 

0.177477 

0.182408 

0.194968 

0.0183164 

0 

2 

0.275724 

0.265239 

0.275724 

0.265239 

0.248897 

0.0228201 

0 

3 

0.305822 

0.300904 

0.305822 

0.300904 

0.383636 

0.0231814 

0 

4 

0.318783 

0.321190 

0.318783 

0.321190 

0.348448 

0.0194018 
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TABLE  4-29,  THEORETICAL  REDUCTION  FACTORS  FOR  HOUSE  15 
EMI  =  CH-6C,  USUAL  FLOOR  BARRIER  FACTOR 
EM2  =  FISSION',  USUAL  FLOOR  BARRIER  FACTOR 
EK3  =  C0-60 ,  MODIFIED  FLOOR  BARRIER  FACTOR 
EM4  =  FISSION,  MODIFIED  FLOOR  BARRIER  FACTOR 

GO.PT.  HT.  EMI  EM2  EM3  EM4  TOTAL  EXP, 


1 

4 

0.009239 

0.013557 

0.011897 

0.015922 

2 

4 

0.011978 

C. 017033 

0.016481 

0.021388 

3 

4 

0.017982 

0.024482 

0.022759 

0.G28371 

4 

4 

0.016148 

0.022139 

0.020948 

0.026201 

5 

4 

0.009984 

0.014792 

0.012654 

0.017124 

6 

4 

0.019587 

0.026892 

0.024261 

0.030553 

7 

4 

0.017135 

G. 023559 

0.021853 

0.027457 

1 

7 

0.016747 

0.024309 

0.020507 

0.027667 

2 

7 

0.025103 

0.033870 

0.030444 

0.038223 

3 

7 

0.029894 

0.043754 

0.034520 

0.046996 

4 

7 

0.028866 

0.041630 

0.033668 

0.045095 

5 

7 

0.017455 

0.025442 

0.0211C6 

G. 028648 

6 

7 

0.030356 

0.043712 

0,034799 

0.046762 

7 

7 

0.029243 

0.042440 

0.033882 

0.045711 

6 

3 

0.016006 

0.021442 

0.020739 

0.025273 

6 

4 

0.019587 

0.026892 

0.024261 

0.030553 

6 

5 

0.021913 

0.030744 

0.026654 

0.034376 

6 

6 

0.025256 

0.038012 

0.029868 

0.G41368 

6 

7 

0.030356 

0.043712 

0.034799 

0.046762 

6 

8 

0.035757 

0.050739 

0.040073 

0.053186 

6 

9 

0,045802 

0.057720 

0.049896 

0.059279 

0 

2 

0.215975 

0.228843 

0.215975 

0.228843 

0 

3 

0.303131 

0.294517 

0.303131 

0.294517 

0 

4 

0.325363 

0.326298 

0.325363 

0.326298 

0 

5 

0,334365 

G. 338692 

0.334365 

0.338692 
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TABLE  4-30.  THEORETICAL  REDUCTION  FACTORS  FOR  HOUSE  16 
EMI  =  CO- 60 »  USUAL  FLOOR  BARRIER  FACTOR 
EM2  =  FISSION,  USUAL  FLOOR  BARRIER  FACTOR 
EM3  =  CO-60  *  MODIFIED  FLOOR  BARRIER  FACTOR 
EM4  =  FISSION,  MODIFIED  FLOOR  BARRIER  FACTOR 

GD.PT.  HT,  EMI  EM2  EM3  EM4  TOTAL  EXP. 


1 

5 

0.009435 

0.013406 

0.011925 

0.015626 

2 

5 

0,012568 

0.017113 

0.016822 

0,021235 

3 

5 

0.018129 

0.024450 

0.022581 

0.028076 

4 

5 

0.016618 

0.022399 

0.021107 

0.026197 

5 

5 

0.010392 

0.014887 

0.012883 

0.017070 

6 

5 

0.019415 

0.026197 

0.023731 

0.029608 

7 

5 

0.017481 

0.023974 

0.021890 

0.027622 

1 

8 

0.019427 

0.025888 

0.023008 

0.029098 

2 

8 

0.027989 

0.037193 

0.033108 

0.041367 

3 

8 

0.031152 

0.043377 

0.035496 

0.046442 

4 

8 

0.030447 

0.041939 

0.034973 

0.045219 

5 

8 

0.019851 

0.026710 

0.023308 

0.029767 

6 

8 

0. 030960 

0.043382 

0.035122 

0.G4628G 

7 

8 

0.030622 

0.042564 

0.034992 

0.045666 

6 

4 

0.01*6801 

0.022353 

0.021210 

0.025914 

6 

5 

0.019415 

0.026197 

0.023731 

0.029608 

6 

6 

0.022104 

0.031467 

0.026499 

0.034866 

6 

7 

0.026084 

0.037028 

0.030381 

0.040189 

6 

8 

C. 030960 

0.043382 

0.035122 

C. 046280 

6 

9 

0.037735 

0.049109 

0.047740 

0.051413 

6 

10 

0.054610 

0.064445 

0.058471 

0.065930 

0 

1 

0.177477 

0.182408 

0. 177477 

0.182408 

0 

2 

0.275724 

0.265239 

0.275724 

0.265239 

0 

3 

0.305822 

0.300904 

0.305822 

0.3C0904 

0 

4 

0, 318783 

0.321190 

0.318783 

0.321190 
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TABLE  4-31*  THEORETICAL  REDUCTION  FACTORS  FOR  HOUSE  17 
EMI  =  C0-60,  USUAL  FLOOR  BARRIER  FACTOR 


EM2  =  FISSION,  USUAL  FLOOR  BARRIER  FACTOR 
EM3  =  C0-60 ,  MODIFIED  FLOOR  BARRIER  FACTOR 


EM4 

=  FISSION, 

MODIFIED 

FLOOR  B  RRIEB 

:  FACTOR 

!  j 

*1 

GD.PT. 

HT. 

EMI 

EM2 

EM3 

EM4  TOTAL  EXP. 

| 

*1 

1 

6 

0.012038 

0,016305 

0.014333 

0.018357 

1  i 

2 

6 

0.016687 

0.021257 

0.020649 

0.025104 

3 

6 

0.022839 

0.030313 

0.026917 

0.033641 

* 

; 

4 

6 

0.021334 

0.027702 

0.025467 

0.031193 

'j 

5 

6 

0.012868 

0.017705 

0.015152 

0.019714 

6 

6 

0.023786 

0.032337 

0.027730 

0.035458 

7 

6 

0.022192 

0.029513 

0.026253 

0.032875 

♦  : 

I 

9 

0,043492 

0.050533 

0.046862 

0.053570 

2 

9 

0.044945 

0.053404 

0.049804 

0.057364 

j 

3 

9 

0.042238 

0.052525 

0.046259 

0.055390 

V 

‘i 

4 

9 

0.042750 

0.052540 

0.046967 

0,055614 

] 

5 

9 

0.043118 

0.050441 

0.046354 

0.053325 

6 

9 

0.040995 

0.051318 

0.044813 

0.054013 

'1 

7 

9 

0,061978 

0.052107 

0.046049 

0.055019 

6 

5 

0,020578 

0.026757 

0.024609 

0.030015 

fc 

6 

6 

0.023786 

0.032337 

0.027730 

0.035458 

6 

7 

0.027905 

0.038018 

0.031926 

0.041164 

6 

8 

0.033224 

0.044752 

0.037181 

0.047702 

6 

9 

0.040095 

0.051318 

0.044813 

0.054013 

t 

6 

10 

0.057975 

0.066084 

0.061715 

0,068246 

6 

11 

0.065114 

0.076775 

0.068711 

0.078172 

0 

0 

0.103160 

0.121545 

0.103160 

0.121545 

- 

0 

1 

0.242902 

0.225976 

0.242902 

0.225976 

0 

2 

0,282182 

0.276533 

0.282182 

0.276533 

0 

3 

0.301886 

0.298977 

0. 301886 

0.298977 
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TASLE  4-32.  THEORETICAL  REDUCTION  FACTORS  FOR  HOUSE  18 
EMI  =  C0-60,  USUAL  FLOOR  BARRIER  FACTOR 
EM 2  =  FISSION,  USUAL  FLOOR  BARRIER  FACTOR 
EM2  =  CO-60,  MODIFIED  FLOOR  BARRIER  FACTOR 
EM4  =  FISSION,  MODIFIED  FLOOR  BARRIER  FACTOR 

GD.PT.  HT.  EMI  EM2  EK3  EM4  TOTAL  EXP. 


1 

6 

0.018668 

0.024693 

0.020962 

0.026745 

2 

6 

0.026759 

0.032737 

0.030721 

0.0365,84 

3 

6 

0.035739 

0.047100 

0.039817 

0.050428 

4 

6 

0.033653 

0,042938 

0.037786 

0.046430 

5 

6 

0.019711 

0.026487 

0.021995 

0.028496 

6 

6 

0.036936 

0.050365 

0.040879 

0.C53456 

7 

6 

0,034567 

0.045372 

0.038628 

0.048734 

1 

9 

0,079889 

0.091709 

0.083258 

0.094746 

2 

9 

0.079463 

0.092932 

0.084321 

r, 096893 

3 

9 

0.069511 

0.082617 

0.073531 

0.085482 

4 

9 

0.071670 

0.085179 

0.075887 

0.088253 

5 

9 

0.078520 

0.090203 

0.081756 

0.093087 

6 

9 

0.066949 

0.078961 

0.070666 

0.081657 

7 

9 

0,069285 

0.082340 

0.073356 

0.085252 

6 

5 

0,031580 

0.040532 

0.035610 

0.043790 

6 

6 

0,036936 

0.050365 

0,040879 

0.053456 

6 

“* 

1 

G«  043605 

0.059004 

0.047626 

0.062150 

6 

8 

0.0527*8 

0.069873 

0.056705 

0.072823 

6 

9 

0.066849 

0.078961 

0.070666 

0.081657 

6 

10 

C, 120923 

0.121403 

0.124664 

0.123566 

6 

11 

0.140169 

0.147212 

0.014377 

0.148610 

V 

0 

0.124959 

0.144738 

0.124959 

0.144738 

n 

1 

0.255132 

0.241940 

0.255132 

0. 24 1940 

n 

L* 

2 

0,291148 

0.287947 

0.291148 

0.287947 

0 

3 

0.308983 

0.308381 

0.308983 

0.308381 
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TABLE  4-33*  THEORETICAL  REDUCTION  FACTORS  FOR  HOUSE  19 


EMI  =  C0-60 ,  USUAL  FLOOR  BARRIER  FACTOR 
EM2  =  FISSION,  USUAL  FLOOR  BARRIER  FACTOR 
EM3  =  C0-.60,  MODIFIED  FLOOR  BARRIER  FACTOR 


GD.PT. 

EM4, 

HT. 

=  FISSION, 

FM1 

MODIFIED 

EM2 

FLOOR  BARRIER  FACTOR 

EM3  5M4 

TOTAL  EXP, 

1 

6 

0,018668 

0.024693 

0,020962 

0.02674  5 

0..013-*24 

0.0U28999 

2 

6 

0.026759 

0.  032737 

0.0307:21 

0.036584 

0.030982 

0.0050567 

3 

6 

G.035T39 

0.047100 

6.039817 

0,050428 

0.019465 

0*0067369 

4 

6 

0,033653 

0,042938 

0.037786 

0.046430 

0.028143 

0.0050212 

5 

6 

0,0 1974'i 

0.02648.7 

0.021995 

6.028496 

0.011328 

0.0012967 

6 

6 

0.037068 

0.050578 

0,041.011 

6.053699 

0.021694 

0.0035369 

7 

6 

0, 034567 

0.045372 

0,038628 

0.048734 

0.028278 

0.0059379 

L 

9 

6,0.79889 

0.091709 

0.083258 

0.094746 

0.039213 

0.0050858 

2 

9 

0.079463 

0, 092932 

0.084321 

0.096893 

0.033973 

0.0077808 

3 

9 

0,069511 

0.082617 

0,073531 

0.085482 

0.039541 

0.0U78753 

4 

9 

0.07167Q 

0.085179 

0.075887 

0.088253 

0.034052 

0.0110617 

5 

9 

0,078520 

0.090203 

0.081756 

0,093087 

0.036622 

0.0043673 

6 

9 

0.067533 

0,080041 

6.071350 

0.082737 

0.036453 

0.0220675 

7 

9 

0.069285 

0.082340 

0.073356 

0.085252 

0.035611 

0.0058104 

<6 

5 

0.031671 

0.040680 

6.035701 

0.043938 

0,027527 

0.0090190 

6 

6 

0.037068 

0.050578 

0.041011 

0.053699 

0.021694 

0.0035369 

6 

7 

0.043812 

0.059337 

0.047833 

0.062484 

0.023734 

0.0038499 

6 

8 

0.053093 

0.070426 

0.057050 

0.073376 

0,037586 

0.0114961 

6 

9 

0.067533 

0.080041 

0.071350 

0.082737 

0.03658i 

0.0220675 

6 

10 

0,122490 

0.123848 

0.126230 

0.126011 

0.075811 

0.0220556 

6 

11 

0, 142417 

0.150707 

0.146014 

0.152105 

6.093750 

0,0220760 

0 

0 

0.111326 

0.135053 

0.111326 

0.135053 

0.070898 

0,0097863 

0 

1 

0.221755 

0.220950 

6.221755 

0.220950 

0.240812 

0.0121959 

0 

2 

0,253571 

0.262878 

0.253571 

0.262878 

0.319279 

0.0135827 

0 

3 

0.270704 

0.283463 

0.2707G4 

0.283463 

0.31298,1 

0.0156245 

TABLE  4-34.  THEORETICAL  REDUCTION  FACTORS  FOR  HOUSE  20 
EMI  =  C0-60 ,  USUAL  FLOOR  BARRIER  FACTOR 
EM2  =  FISSION,  USUAL  FLOOR  BARRIER  FACTOR 
EM3  =  CO-60 ,  MODIFIED  FLOOR  BARRIER  FACTOR 
EM4  =  FISSION,  MODIFIED  FLOOR  BARRIER  FACTOR 


GD.PT.  HT.  EMI 

1  3  0.006035 

2  3  0.007298 

3  3  0.011141 

4  3  0.010063 

5  3  0. 0C6760 

6  3  0.012119 

7  3  0.010987 

1  6  0.009432 

2  6  0.012654 

3  6  0.017653 

4  6  0.016384 

5  6  0.010155 

6  6  0.018666 

7  6  O.G 17279 

6  2  0.010764 

6  3  0.012119 

6  4  0.014129 

6  5  0.016217 

6  6  0.018666 

6  7  0.022030 

6  8  0.026266 

C  3  0.209984 

0  4  0.276559 

0  5  0.293456 

6  0.302068 


EM2  EM3 

0.009460  0.008842 

0.011640  0.0X2019 

0.016509  0.016214 

0.015160  0.015143 

0.010658  0.009593 

0.017823  0.017075 

0.016508  0.015989 

0.015194  0.013352 

0.019615  0.018186 

0.027986  0.022530 

0.025530  0.021415 

0.016512  0.013978 

0.030135  0.023369 

0.027366  0.022158 

0.015749  0.015797 

0.017823  0.017075 

0.021258  0.019151 

0.024884  0.021120 

0.030135  0.023369 

0.035770  0.026572 

0.042576  0.030576 

0.229422  0.209984 

0.284951  0.276559 

0.308234  0.293456 

0.320768  0.302066 


EM4  TOTAL  EXP. 

0.011954  0.010938 

0.0011038 

0.016195  0.011588 

0.0011656 

0.020638  0.016678 

0.0016899 

0.019461  0,015776 

0.0013001 

0.013124  0.009904 

0.G011728 

0.021709  0.018072 

0*0023898 

0.020634  0*016669 

0.0015532 

0*018682  0.013769 

0.0011944 

0.024119  0.014984 

0.0012538 

0.031384  0*019701 

0.0016925 

0.029151  0.018694 

0.0012669 

0.019849  0.011553 

0.0011987 

0.033326  0.018352 

0.0032391 

0.030790  0.019663 

0.0022891 

0.019831  0,016627 

0,0022657 

0.021709  0.018072 

0.C023898 

0.025093  0.018589 

0.0022117 

0.028420  0.018522 

0.0020462 

0,033326  0.020174 

0.0029335 

0.038307  0.019947 

0.0020387 

0.044205  0.016999 

0.0023125 

0,229422  0.161554 

0.0133221 

0.284951  0.211992 

0.0110389 

0.308234  0.268548 

0.0156714 

0.320768  0.258257 

0.0241123 
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The  KSUNESF  test  structure  and  tubing  field. 


Front  and  side  views  of  the  test  structure  Showing  nominal  dimensions 


Fig.  2-6.  Detailed  Test 
Structure  Drawings. 
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Fig.  2-14.  'Detail^  Jest  Structure  Drawings 
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House  l  Xe=5.5psf 
h=0*,  Noporlitions 


Reduction  Fact 


4  5  6  7  8  9  10  II 

Height  Above  Center  of  Basement  Floor  (Ft.) 

Fig.  4-2,.  Theoretical  and  experimental  results  for 
Houses  6  and  10  along  the  basement  centerline. 


Height  Above  Center  Of  Basemen;  Floor  (Ft.) 

Fig.  4-3.  Comparison  of  experimental  results  for 
Houses  1  and  12  along  the  basement  centerline. 


Reduction  Foctor 
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Exterior  Wall  Mott  Thicknm ,  Xt  (psf) 

Fig.  4-4.  Engineering  Manual  predictions  ks  a 
function  of  exterior  wall  mass  thickness  for  a 
detector  3  feet  above  the  basement  floor  h-0. 
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VI.  APPENDICES 

6.1  Appendix  A,  Engineering  Manual  Calculations  for  the  KSUNESF  Test  House 

6.1.1  Introduction 

This  appendix  outlines  Engineering  Manual  (EM)  calculations  for  the  KSUNESF 
test  house  according  to  TR-20,  Vol.  1  (4).  An  attempt  has  been  made  to  stay  with¬ 
in  the  bounds  of  the  EM  theory  in  cases  where  the  procedure  was  not  explicitly 
described  in  the  EM.  A  FORTRAN  IV  program  called  ENGMAN  was  written  to  carry 
out  calculations  for  almost  any  combination  of  detector  location  and  floor 
height.  No  explanation  of  the  EM  functions  is  given  here;  it  is  assumed  that 
the  reader  has  a  knowledge  of  EM  theory.  The  purpose  of  this  appendix  is  to 
document  the  exact  functional  expressions  used. 

6.1.2  Nomenclature 

The  reduction  factor  for  the  ground  contribution,  C  ,  has  been  separated 

S 

into  three  contributions:  1)  the  contribution  from  non-structure-scattered 
radiation  reaching  the  detector  from  directions  below  the  detector  plane; 

2)  the  contribution  from  non-structure-scattered  radiation  reaching  the  detec¬ 
tor  from  directions  above  the  detector  plane  (air-scattered  radiation,  or  sky- 
shine);  and  3)  the  structure  scattered  contribution.  These  contributions  are 
identified  with  the  following  superscripts:  D,  A,  S,  respectively.  The  con¬ 
tributions  are  further  broken  down  according  to  the  various  external  surfaces 
of  the  house  through  which  the  radiation  passes.  These  surfaces  are  as  follows: 

1)  the  exposed  basement  walls,  2)  the  solid  walls  of  the  first  story,  3)  the 
windows,  4)  the  roof,  5)  the  doors  of  the  first  story.  They  are  identified  by 

A  7 

the  following  second-superscripts:  1,  2,  3,  4,  d,  respectively.  Thus,  C 

Si  8 

would  be  the  skyshine  contribution  through  the  windows,  while  C  would  be 

8 

the  wall-scattered  contribution  from  the  exposed  basement  walls. 

The  mass  thicknesses  of  the  various  barriers  in  the  house  are  given  the 

following  labels:  exposed  basement  walls,  X  ;  first  story  walls,  X  ;  doors,  X,; 

w  e  d 

floor  slab,  X^;  roof,  X^;  and  interior  partitions,  X^.  The  mass  thickness  of 
the  floor  slab  will  always  be  labeled  Xf,  regardless  of  whether  the  detector  is 
above  or  below  it. 
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6.1.3  First  Story  Detector  Locations 

The  most  general  case  is  for  a  detector  located  above  the  window  sill  height 
and  below  the  top  of  the  windows.  Refer  to  Figures  A-l  and  A-2  for  dimensions 
and  solid  angles.  Note  that  P_ ,  the  "perimeter  ratio",  is  actually  an  azimuthal 

cl 

sector  as  defined  in  Figure  A-l.  Note  also  that  the  doors  are  considered  in  a 
separate  azimuthal  sector.  Refer  to  Figure  A-3  for  the  fictitious  building  used 
to  determine  the  contribution  through  the  doors.  The  functional  expressions  and 
diagrams  below  are  for  a  detector  located  on  the  centerline  of  the  house.  Appli¬ 
cations  to  off-center  locations  will  be  discussed  later. 


D1 


C  =  [Gd(oiA,H)  -  Gd(Ujl,H)3[l-SwCXj]Be(Xw,H)Bf(Xf)  (A-l) 


SI 


c  «  tGs('V  -  SW<V  E(e)  Be(Xw’H)  W  (A_2) 


D2 

Cg  -  ([Gd(VH>  +  Gd<a.a,,H)[1-Pa-Ai!i)]) 


*  tl-S  (X  )  JB  (X  ,H) 
1  w  e  ev  e’ 


(A-3) 


-  -  Pa  O4faat,B)Hl-Sw0te)]Ba(X.,H) 


CgS2  =  (tG3(Mu)  -Gstoal)J  +  tO.O.,)  -  Gs(.al)Hl-AlD] 


+  'W  +Gs(V)Itl-Pa-AzDI)  WE(e) 


(A-4) 


{G  (aj  )  -  G  (to  )  [P  +  A  ]  -  P  G  (o)  „)  +  G  (oiJtl-A  ]} 
s  u  s  au  a  z^  as  a&  s  £  z^ 


Sw(Xe)  E(e)  Be(Xe,H) 


x 
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C  ^  -  {G  (<o  )  -  G  (u  )[P  +  A  3H1-S  (X  )]B  <X  ,H) 
g  a  u'  a  au  1  a  z  J  wv  e/J  e  e* 


(A-5) 


C  03  =  G ,  (w  ,H)  P  B  (0,H) 
g  d  a&’  a  e  ’ 


(A- 6) 


C  A3  =  G  (tu  )  P  B  (0,H) 
g  a  au  a  e  ’ 


C  AA  =  A  Coj  )  B'  (X  )* 
g  a  u  o  r 


(A-7) 

(A-8) 


Dd 


C  =  G  ,(ton  ,H)  [1-S  (X ,)  ]B  (X,,H)  A 
g  d  l*  1  m  d  e  d*  z 


(A-9) 


C  Sd  =  [G  (o<  )  +  G  (w  )]  S  (X.)E(e)  B  (X,,H)  A 
g  s  £  s  au  w  d  v  e  d’  z 


(A-10) 


Ad 


C  =  G  (a)  )  [1-S  (X,)j  B  (X , ,H)  A 

g  a  au  v/'  d' 1  ev  d’  z 


(A-ll) 


It  was  determined  that  the  wall-scattered  contribution  from  the  gable  walls 
was  at  most  one  percent  of  the  total  contribution.  Hence,  the  flat  roof  con¬ 
figuration  of  Figure  A-2  is  justified. 

Note  that  Eq.  (A-8)  is  the  expression  for  a  decontaminated  roof  contribution 
for  below  grade  detector  locations.  It  is  used  here  as  the  best  approximation  for 
the  skyshine  contribution  through  the  roof  since  the  detector  heights  are  small. 

For  the  cases  when  the  detector  is  below  the  sill  height,  the  contribution 
through  the  first  story  walls  and  windows  are  slightly  different.  Refer  to  Figure 
A-4 . 


*  This  is  the  notation  of  the  May,  1964 ,  edition  cf  the  Engineering  Manual  and 

is  most  common  in  the  literature.  In  the  July,  1968  edition  the  floor  barrier 

factor  is  labeled  B  (X) . 

c 
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CgM  *  VV3')  1 


(A-12) 


C  S2  =  {G  (id  )-G  (to  )  +  [G  (ok)  +  G  (u>  0)][1-A  ] 

g  s  u  s  au  s  i  s  ai  zn 


+  [Gs<“au>  -Gs(ua£)][1-Pa-AzD3}Sw(Xe)E(e)Be(Xe»3,) 


(A-13) 


=  {G  (to  )  -G  (u  )[P  +  A  ]  +  G  (oj  a)P  +  G  (u.)  [1-A  ] 
s  u  s  au  a  zQ  s  a£  a  s  i  zQ 


x  S  (X  )E(e)E  (X  ,3’) 
w  e'  '  '  e  e’ 


^  ’  <W  -  Ca("au>  +  Ga<V)[1'V  +  'Ga<“aU>  ' 


X  [1-P  -A  ]}  [1-S  (X  )]  B  (X  ,3') 

a  zQ  w  e/J  e  e* 


(A-14) 


=  {G  (u  )  -  G  (to  )[P  +  A  ]  +  P  G  (u  .)}[1-S  (X  )]B  (X  ,3') 
a  u  a  au  a  z D  a  a  a£  w  e  e  e’ 


cD3  =  o 

g 


(A-15) 


CgA3  =  tGaKu>  ~  Ga(“ai)]FaV0>3') 


(A-16) 


'  i 


6.1.4  Case  with  Interior  Partitions 

Hie  configuration  for  the  interior  partitions  is  shown  in  Fig.  A-5.  The 
azimuthal  sectors  containing  zero,  one,  and  two  partitions  are  also  defined  in 
Fig.  A-5.  A  separate  azimuthal  aperture  fraction  P  ,  is  defined  for  each  sector. 
This  factor  is  defined  as  the  ratio  of  the  azimuthal  angle  subtended  by  the  win¬ 
dows  in  the  sector  to  the  total  azimuthal  angle  of  the  sector  in  question. 
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Sector  A: 


\m!SW-  °'121  5  PaA  '  ° 


Sector  B: 


8.18  +  9.63  +  8.53  +  8.17  „  „„„ 

A - 90 - 0.383 

D 


P  =  =  0-474 

a^  34.52 


Sector  C: 


A  = 
ZC 


7.53  +  22.75  +  6,77 
90 


=  0.412 


P  =  •7t534^77  =  0.386 
ac  37 . 05 


Since  each  azimuthal  fraction  will  appear  with  the  barrier  factor  for  the 
mass  thickness  of  partitions  in  that  sector,  the  following  weighted  azimuthal 
fractions  are  defined: 


\  -  A  ,  X  -  A  B(X),  X  =  K  M2Xi>* 
ZA  ZA  ZB  ZB  1  1  ZC  ZC  1  1 


The  functional  expressions  are  written  here  with  the  geometry  factors  as  sums 
over  the  sectors  with  the  appropriate  weighting  factors .  Note  that  the  contri¬ 
bution  from  the  small  wall  sections  above  and  below  the  doors  are  added  in  Eqs. 
(A-17) ,  (A-18) ,  (A-20),  and  (A-21) .  The  expressions  given  are  for  a  detector 
above  the  window  sill  and  below  the  top  of  the  window. 
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CgD1  -  if  {[Gd(u',H)  ~  Gd((urH)]  X  }  +  [Gd(uJ,H)  -  G^.H)] 

*  AZD1[1“Sw(Xw)]Be(Xw*H)  W  (A-17) 

ogsl  -  [ZUGS<»{)  -  iai  +  ros(»p  -  O,^)]  a2d) 

x  Sw(Xw)E(e)  Be(Xw>H)  Bf(Xf)  (A-18) 

Cg°2  "  {[Gd(VH)  "  pa  6d(ua£*H)  3  K  }][1"Sw(Xe)lBe(Xe»H)  (A'19) 

CgS2  "  U"W  -  Pa,G.<-au>  -  %  Gs(ua*>  +  WK} 

i  i  i 

+  [Gs<\>  -  G.<“au)]  \>  W  E(e>  VXe-H>  (A-2<» 

0^  -  tIUGa(%)  -  Ga(v>]  y  +  [Ga(«tt)  -  Ga(«au)]AZD] 

*  [1-W]  Bo(Xe,H)  (A-21) 

°gD3  -  Be<°'H>  a(V»  Pat\J  »~22> 

CgA3  *  Ba(0-H>  I<Ga<“au>  \V  ^ 

Tlie  contributions  through  the  doors  are  the  same  as  in  the  non-parti tioned  cases. 
For  certain  combinations  of  floor  height  and  low  detector  positions  Eqs.  (A-17) 
and  (A-18)  may  be  in  error  because  some  radiation  from  the  exposed  basement  wall 
may  reach  the  detector  without  intercepting  an  interior  partition.  No  attempt 
is  made  to  correct  for  this. 

*  Summation  symbol  implies  -summation  over  i  for  i  equal  A,  Bs  and  C. 


91 


The  skyshlne  contribution  through  the  roof  is  formulated  by  differencing  the 
contributions  from  rectangular  areas  on  the  ceiling.  Refer  to  Fig.  A=-6.  The 
dimensions  and  solid  angle  fraction  for  each  rectangular  area  are  tabulated  below: 

Dimensions  Solid  angle  fraction 


12  * 

X 

22’ 

“i 

4’ 

X 

30' 

“2 

4' 

X 

12* 

W3 

22' 

X 

30' 

U) 

4 

12’ 

X 

40' 

w5 

30' 

X 

40' 

to 

CgM  ”  {tW  +  W  ~  Aa(a,3)]  +  [W  +  W  '  W 
-  Aa(«2)  +  Aa(«3)]  Bi(Xi)  +  [Aa(«u)  -  Aa(U4)  -  Aa(o,5) 

+  A  (w  )]  B  (2X.)  B * (X  )  (A-24) 

a  l  i  i  or 

6.1.5  Basement  Detector  Locations 

The  general  basement  detector  location  is  shown  in  Fig.  A-7.  The  aperture 
fraction  for  the  first  story  walls,  A  ,  is  defined  as  the  ratio  of  the  window 
area  to  the  first  story  wall  area.  The  doors  are  considered  in  a  separate 
azimuthal  sector  as  in  the  first  story  cases.  Refer  to  Fig.  A-8  for  this  contri¬ 
bution. 


C  S1  -  [G  fu')  -  G  (u)  )]  S  (X  )  E(e)  B  (X  ,3') 
g  s  u  s  u  w  w  e  w  ’ 

C  A1  =  [G  (u)')  -  G  (to  )][1-S  (X  )]  B  (X  ,3') 
g  a  u  a  u  w  w  J  e  w’ 


(A-25) 


(A-26) 
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Cg  -  -  W  - 

x  E(e)  Be(Xe,3’)  B^(Xf) 

»  {G  (to")  -AG  (to.)  [1-A  ]  G  (to*)}  [1-A  ]S  (X  ) 

s  u  zD  s  d'  zDJ  s'  u'  pJ  wv  a' 

x  E(e)  Be(Xe,3»)  B^(Xf) 


(A-27) 


Co  ■  {G»K>  "  Ar  MV  “  [i-A  ]  G  («')}  [1-A  3 
g  a  u  zn  a  d  z_  a  u  p 


X  [1~W]  W3’5  W 


(A-28) 


C  -  {G  (to")  -  A  G  (to  ,)  -  [1-A  ]  G  (to*)}  A  B'(X,) 

g  a  u  zQ  a'  ud  zQJ  a  u  p  o  f 


(A-29) 


C  *  A  (to")  B'(X  ) 
g  a  u  o  o 


(AA30) 


V  -  !Gs(“ud>  -  «.<»;>]  w  E(e>  Be(xd-3’>  w  v  <a-3i> 


C  »  [a  <u  ,)  -  G  (u')Hl-S  (X,)l  B  (X.,3’)  B’(X.)  A 
g  a  ud  a  u  J 1  w  d  e  d  o  f  z 


(A- 32) 


For  cases  where  a  detector  is  located  in  the  basement  and  yet  is  above  grade, 

SI 

shown  in  Fig.  A-9,  there  is  an  additional  contribution  to  C  and  also  a  direct 
radiation  component. 


C  =  [G  (to’)  +  G  (to’)]  S  (X  )  E(e)  B  (X  ,3’) 
g  s  u  s  SL  w  w  e  w’ 


(A-33) 


C  =  G,(a>!,3’)  [1-S  (X  )]  B  (X  ,3') 
g  d  2,  w  w  e  w’ 


(A-34) 
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The  effects  of  interior  partitions  in  the  first  story  on  the  contributions 
to  a  basement  detector  are  neglected.  Although  the  partitions  would  act  as  a 
barrier  to  some  of  the  radiation  reaching  a  detector  in  the  basement,  the  fraction 
of  the  geometry  factor  for  which  this  occurs  is  small  and  requires  much  effort  to 
determine.  Some  initial  calculations  showed  that  neglecting  the  partitions  would 
result  in  errors  of  the  order  of  five  percent  on  the  conservative  side. 

6.1.6  Off-center  Detector  locations 

Off-center  detector  locations ,  whether  in  the  basement  or  upstairs ,  are 
treated,  in  general,  by  adding  the  contributions  from  four  fictitious  buildings. 
The  fictitious  buildings  are  formed  by  dividing  the  plan  of  the  house  into  four 
sectors  and  reflecting  each  sector  into  the  other  three  quadrants.  Refer  to 
Fig.  A-10.  The  contributions  are  then  determined  for  each  fictitious  building, 
summed,  and  divided  by  four.  Note  that  the  azimuthal  sectors  containing  the 
windows  and  the  doors  change  radically  in  each  fictitious  building.  If  the 
detector  should  lie  on  either  the  north-south  centerline  or  the  east-west  center- 
line  of  the  house,  only  two  fictitious  buildings  are  required. 


Fig.  A-l.  Plan  of  KSU  test  house  showing 
azimuthal  sectors  for  doors  and  windows. 


Top  of  door  is  some 
height  os  top  of  windows 


Fig.  A-2.  Elevation  of  schematized  KSU  test  house  with 
solid  angle  fractions  for  a  first-story  detector  location. 


No  contribution  through  Other  dimensions  are  the 

floor  or  ceiling.  some  as  real  house. 

Fig.  A-3.  Fictitious  building  for  the  contribution  through  the  doors 

to  a  first  story  detector  location. 


Fig.  A-4.  Solid  angle  fractions  for  a 
first-story  detector  below  window  sill 
height. 
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Roof  contribution  passing 
Roof  contribution  passing 
Roof  contribution  passing 


through  no  interior  partitions, 
through  one  interior  partition. 

through  tvro  interior  partitions. 


Fig.  A-6.  Rectangular  areas  on  ceiling  for  roof 
contribution  in  partitioned  cases. 


. . I 
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Fig.  A-7.  Elevation  of  schematized  KSU  test  house  showing 
solid  angle  fractions  for  a  basement  detector  location. 
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Fig.  A-8.  Fictitious  building  for  the  contribution  through 
the  doors  to  a  basement  detector  location. 


Fig.  A-9.  Solid  angle  fractions  for  a  basement  detector  location  above  grade. 


Fig.  A-10,  Fictitious  buildings  required  for  a  typical 
off-center  detector  location. 
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6.2  Appendix  B,  Preparation  of  EM  Charts  for  ^Co  Radiation 

6.2.1  Introduction 

The  purpose  of  this  section  is  to  describe  the  mechanics  used  to  convert 
the  NBS-42  data  (1)  to  the  tabular  data  for  the  EM  charts  used  In  the  computer 
code  ENGMAN.  The  charts  were  constructed  only  for  the  ranges  of  the  parameters 
required  for  the  KSUNESF  test  house.  No  physical  interpretation  of  the  functions 
involved  is  given  here  nor  is  any  justification  given  for  their  use. 

6.2.2  General  Methods 

Spencer  (JL)  has  performed  basic  radiation  transport  calculations  for 
three  gamma-ray  sources,  1.12  hour  fission  products,  ^Co,  and  "^Cs.  The  data 
from  the  fission  product  spectrum  were  used  to  construct  the  EM  charts  as  out¬ 
lined  in  (2_[Vol.  II]  and  3).  Here  the  identical  procedures  are  used  to  construct 
the  charts  from  the  Co  data. 

The  following  functions,  which  were  calculated  by  Spencer  and  plotted  in 
NBS-42,  were  used:  L(X),  S(d),  S'(X),  P(0)(X),  P(S)(X),  W(X,d),  L  (X,io),  S  (d,u>). 

3  3 

Values  were  read  as  accurately  as  possible  from  these  curves  for  the  ranges  of 
interest  and  are  listed  in  Tables  B-l  through  B-3.  The  appropriate  calculations 
(shown  later)  were  carried  out  on  these  numbers  to  convert  them  to  EM  functions. 

The  data  were  then  plotted  and  smooth  curves  drawn  through  the  points  to 
represent  the  EM  functions,  Figures  B-l  through  B-5.  The  tabular  data  were  then 
read  from  these  curves  and  are  recorded  in  Tables  B-4  through  B-7.  It  was  hoped 
that  this  graphical  smoothing  process  would  diminish  any  errors  arising  from  the 
reading  of  the  NBS-42  curves. 

It  is  noted  that  the  parameters  X  and  d  both  represent  mass  thickness.  The 
units  of  X  are  pounds  per  square  foot  (psf),  while  the  units  of  d  are  feet  of 
air.  They  are  used  interchangeably  below,  the  relation  between  the  two  being: 

1.0  psf  =  13.3  feet  of  air. 

6.2.3  Barrier  Factors 

Two  EM  functions  are  identical  to  NBS-42  functions : 


Bf (X)  =  L(X) 


(B-l) 
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and 

B^(X)  «  S'<X).  (B-2) 

The  scattered  fraction  is  defined  here  as  the  ratio  of  scattered  to  total 
dose  rates  from  a  point  isotropic  source: 

S(X)  -  ^ ‘ 

PW(X)  +  PCS)(X)  (B-3) 

The  wall  barrier  factor  is  defined  by  the  approximate  relationship 

Be(X,H)  *  2W(X,d) ,  (B-4) 

where  the  EM  variable  H  is  equal  to  d.  The  NBS-42  function  W(X,d)  is  for  a 
detector  imbedded  thickness  X  in  a  semi- infinite  wall.  For  low  mass  thicknesses, 
there  is  a  significant  contribution  to  the  detector  response  from  radiation  which 
has  been  back-scattered  in  the  wall  material  behind  the  detector.  This  is 
evidenced  by  the  fact  that  2*W(0,3*)  =  1.1.  To  correct  for  this  effect  in  the 
function  Be(X,H),  the  value  for  X  »  0  and  H  =  3'  was  set  equal  to  1.0  and  the 
curve  was  lowered  slightly  out  to  X  -  50  psf.  Proportional  corrections  were 
made  in  the  curves  for  H  =  6 '  and  H  =  15 1 , 

The  barrier  factor  for  interior  partitions  is  set  equal  to  the  wall  barrier 
factor  at  H  =  3' : 


Bi(X)  =  Be(X,3’). 


(B-5) 


6.3.4  Geometry  Factors 

The  following  definitions  of  the  NBS-42  functions  are  required  to  formulate 
the  EM  functions: 


L(X)  = 


d(cos0)  £(X,cos0) 


-1 


La^X,a)‘>  L(X) 


d(cos0)  £(X,cos0) 


(B-6) 

(B— 7) 


1-U) 
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f° 

S (d)  =  d(cos0)  £(d,cos0) 
•'-1 


S 

a 


(d,oi)  = 


S(d) 


f-  1+w 

j  d(cos0)  £(d,cos0). 
•’-1 


In  addition,  the  following  values  are  needed: 


L(.2256)  =  1.0 

L(1.0)  =  0.74 

S(0)  =  0.088 

S(3*)  *  0.084 

S(13.3')  »  0.0755 

3'  (of  air)  =  0.2256  psf. 


The  EM  geometry  factors  are  now  expressed  in  terms  of  these  functions 

fl-0) 


■  -3 


■X-d) 

d(cos0)  £(d,cos0) 
Jn 


d(cos0)  £(d,cos0) 


=  La(d,l)  -La(d,o>) 


V“> 


-1+0) 


d(cos0)  &(3',cos8) 


=  0.5  [1-S  (3',u>)] 

3 


Gg(0)  =  0.5 


G  (to)  =  S (3 1 ) [  1— S  (3 '  ,oj]  [1  +  0.5  S  (3',o))] 


Aa(u) 


-1+0) 


d(cos0)  £(0,cosQ) 


=  S(0)  S  (0,o))  . 

a 


(B-8) 

(B— 9  ) 


(B-10) 

(B-ll) 

(B-12) 

(B-13) 


In  the  construction  of  the  original  EM  charts  for  the  fission  product 
spectrum,  the  functions  G^OojH)  and  (to)  were  arbitrarily  normalized  such  that 
G^(0,3’)  *  0.9  and  Gq(0)  =  0.1.  No  such  round-off  has  been  carried  out  here. 

In  the  input  tables  for  ENGMAN  it  was  desired  to  have  values  for  Be(X,H) 
and  G,(w,H)  for  the  same  set  of  heights.  Since  L  (X,w)  is  only  plotted  for 
X  =  0.2256  (H  **  3')  and  X  *  1  (H  =  13.3’),  the  functions  G^(w,3')  and  G^(co,13.3e) 
were  constructed  and  linear  interpolation  was  used  to  obtain  values  for  the 
heights  6'  and  15'. 

The  function  A  (to)  requires  values  of  S  (d,w)  for  d  s  0,  whereas  S  (31  ,w)  is 

d  3 

the  lowest  curve  in  NBS-42.  However,  the  shape  of  this  curve  should  be  quite 
insensitive  to  such  a  small  change  in  height. 
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TABLE 

B-l.  Data  taken  f: 
P(0)(X),  and 

rora  NBS-42  curves 
?(S)(X)  for  60Co 

for  the  functions  L(X), 

radiation. 

S’(X), 

X(psf) 

L(X) 

S'(X) 

p^°\x) 

P(S)(X) 

0 

1.0* 

1.0 

0.360 

0,0 

5 

0.43 

0.54 

0.320 

0.040 

10 

0.305 

0.347 

0.277 

0.069 

15 

0.237 

0.245 

0.240 

0.090 

20 

0.193 

0.180 

0.210 

0.103 

25 

0.160 

0.139 

0.181 

0.111 

30 

0.131 

0.109 

0.160 

0.120 

40 

0.095 

0.070 

0.120 

0.126 

50 

0.069 

0.046 

0.091 

0.121 

60 

0.051 

0.030 

0.070 

0.113 

70 

0.038 

0.0200 

0,052 

0.103 

80 

0.0286 

0.0130 

0.0400 

0.092 

90 

0.0220 

0.0086 

0.0300 

0.081 

100 

0.0164 

0.0057 

0.0230 

0.069 

*This  value  is  actually  for  X  =  0.2256 
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TABLE  B-2. 

Data  taken  from  NBS-42  curves 

radiation. 

for  the  function  W(X,d) 

W(X,d) 

for  60 Co 

X(psf) 

6' 

15' 

0 

0.55 

0.47 

0.39 

5 

0.47 

0.41 

0.33 

10 

0.40 

0.360 

0.285 

20 

0.31 

0.272 

0.215 

30 

0.238 

0.207 

0.165 

40 

0.188 

0.161 

0.178 

50 

0.147 

0.125 

0.098 

60 

0.116 

0.099 

0.078 

70 

0.091 

0.078 

0.061 

80 

0.072 

0.061 

0.048 

90 

0.050 

0.042 

0.033 

100 

0.044 

0.038 

0.029 
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TABLE  B-3. 

Data  taken  from  NBS-42  curves 
S  (X.w)  for  ^Co  radiation. 

for  the  functions 

L-a(X,ft>) 

and 

(0 

L  (.2256,u) 

La(1.0,m) 

S  (3,w) 

a 

0.0 

0.0 

0.0 

0.0 

0.05 

0.0097* 

0.0128 

0.0148 

0.10 

0.0204 

0.0280 

0.0321 

0.15 

0.0314 

0.0492 

0.0538 

0.20 

0.0460 

O.Of 15 

0.0775 

0.30 

0.0745 

0.099 

0.126 

0.40 

0.108 

0.144 

0.179 

0.50 

0.146 

0.198 

0.250 

0.60 

0.191 

0.264 

0.331 

0.70 

0.253 

0.352 

0.428 

0.80 

0.344 

0.470 

0.56 

0.85 

0.403 

0.550 

0.67 

0.90 

0.49 

0.64 

0.73 

0.95 

0.61 

0.76 

0.85 

1.00 

0.916 

0.898 

0.00 

*  Extrapolated  value 
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TABLE  B-4. 


60 

Tabular  Co  data  for  Engineering  Manual  functions  B^(X),  B^CX), 

B . (X) ,  and  S  (X) . 
i  w 


X(psf) 

b;<x) 

Bf<X) 

Bi(X) 

S  (X) 
w 

0 

1.0 

1.0 

1.0 

0.0 

5 

0.54 

0.43 

0.870 

0.110 

10 

0.350 

0.305 

0.757 

0.199 

15 

0.245 

0.240 

0.662 

0.272 

20 

0.180 

0.193 

0.585 

0.330 

25 

0.139 

0.160 

0.516 

0.382 

30 

0.109 

0.131 

0.458 

0.429 

40 

0.070 

0.095 

0.360 

0.505 

50 

0.0457 

0.069 

0.283 

0.568 

69 

0.0298 

0.051 

0.224 

0.620 

70 

0.0197 

0.0382 

0.179 

0.665 

80 

0.0130 

0.0288 

0.141 

0.702 

90 

0.0086 

0.0218 

0.112 

0.731 

95 

0.0070 

0.0188 

0.100 

0.741 

100 

0.0058 

0.0164 

0.089 

0.749 

Ill 


TABLE  B-5. 


Tabular 


60 


Co  data  for  Engineering  Manual  function  B  (X,H). 

6 


Be(XsH) 


X(psf) 

H=3' 

H=6' 

H=15’ 

0 

1.00 

0.870 

0.708 

5 

0.870 

0.762 

0.613 

10 

0.757 

0.670 

0.532 

15 

0.662 

0.590 

0.462 

20 

0.585 

0.520 

0.405 

25 

0.516 

0.460 

0.358 

30 

0.458 

0.406 

0.315 

40 

0.360 

0.318 

0.245 

50 

0.283 

0.250 

0.193 

60 

0.224 

0.197 

0.152 

70 

0.179 

0.155 

0.120 

80 

0.141 

0.122 

0.0945 

90 

0.112 

0.0962 

0.0743 

95 

0.0995 

0.0851 

0.0660 

100 

0.0885 

0.0758 

0.0585 
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TABLE  B-6.  Tabular  Co  data  for  Engineering  Manual  functions  G  (u) ,  G  (w) , 

S  3 

A  (w) ,  and  G  ,(w,3') . 
a  a 
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TABLE  B-7. 

Tabular  ^Co  data 

for  Engineering  Manual 

function  Gd(o),H). 

Gd(co,H) 

b> 

H=3* 

H=6  * 

H=15 ' 

0.0 

0.916 

0.911 

0,895 

0.05 

0.907 

0.901 

0.881 

0.10 

0.896 

0.888 

0.886 

0.15 

0.884 

0.875 

0.849 

0.20 

0.870 

0.860 

0.832 

0.30 

0.842 

0.829 

0.792 

0.40 

0.808 

0.792 

0,745 

0.50 

0.770 

0.750 

0.688 

0.60 

0.725 

0.698 

0.619 

0.70 

0.663 

0.629 

0.527 

0.80 

0.572 

0.530 

0.404 

0.85 

0.513 

0.465 

0.321 

0.90 

0.426 

0.377 

0.230 

0.92 

0.389 

0.339 

0.187 

0.94 

0.336 

0.288 

0.143 

0.96 

0.270 

0.227 

0.096 

0.98 

0.175 

0.142 

0.045 

Barrier  Reduction  Factor 


Barrier  Reduction 
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Solid  Angle  Fraction,  u) 

Fig.  B-3.  The  Engineering  Manual  functions  Gs  (w)  and 
G.i._.(u»«H1l  for  °”Col  .xa/U-oi-l/w 


Directional  Response 


0.07 


0.06 


0.05 


0.04 


0.03 


0.02 


0.1  0-2  0.3  04  0.5  0.6  0.7  08 

Solid  Angie  Fraction,  cu 

Fig.  B-4.  The  Engineering  Manual  functions 
G  (w)  and  A  (w)  for  60co  radiation. 


0*9  1.0 


10  20  30  40  50  60  70  80 

Effective  Mass  Thickness,  X,  psf 

Fig,  B-5.  The  Engineering  Manual  function  Sw(X) 
60c‘o  radiation. 
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6.3  Appendix  C,  Calibration  of  the  Dosimeters 

This  appendix  describes  briefly  the  experiment  in  which  both  types  of  dosi¬ 
meters  were  calibrated.  The  equations  used  for  determining  the  regression  lines 
and  associated  statistics  are  cited  but  no  derivation  is  given. 

6.3.1  Experimental  Procedure 

The  calibration  experiment  was  conducted  inside  the  instrument-storage 
building  (a  Butler-type  building)  at  the  KSUNESF.  Two  dosimeter  racks  were  con¬ 
structed  of  1/2"  plywood  cut  in  the  shape  of  a  circular  arc  of  radius  7  ft.  Holes 
of  0.4"  diameter  were  drilled  in  the  racks  with  a  spacing  of  four  inches.  The 
racks  were  suspended  from  the  eeiling  braces  so  that  the  centers  of  the  racks 
were  on  opposite  ends  of  the  diameter  of  a  circle  of  seven-feet  radius.  Each 
rack  could  accommodate  up  to  twenty  dosimeters  of  either  type. 

60 

A  point  Co  source  of  nominally  0.3  Ci  was  usi  d  for  the  irradiations.  The 
source  was  manipulated  by  means  of  a  "gamma-ray  projector."  The  projector  con¬ 
sisted  of  a  portable  lead  storage  container  with  a  flexible  cable  on  one  end  of 
which  the  source  was  mounted.  The  cable  was  drawn  through  a  flexible  housing 
by  a  cranking  mechanism  which  allowed  the  experimenter  to  stand  some  twenty- 
five  feet  from  the  storage  container.  When  the  source  was  fully  exposed,  it  was 
located  at  the  opposite  end  of  the  cable  housing  which  also  extended  twenty- 
five  feet  from  the  storage  container.  By  a  system  of  lights,  the  experimenter 
could  tell  whether  the  source  was  fully  exposed,  in  an  intermediate  position, 
or  stored. 

When  the  dosimeters  were  in  the  racks  and  the  tip  of  the  source  cable  was 
positioned  midway  between  the  racks,  the  source-to-detector  distance  was  seven 
feet  with  a  maximum  tolerance  of  +  1/2".  In  this  configuration  the  dosimeters 
received  an  approximate  exposure-rate  of  1  mR/min. 

The  exposure  time  was  measured  from  the  moment  the  source  reached  the  fully 
exposed  position  to  the  moment  the  source  had  begun  to  be  retracted.  About  two- 
thirds  of  the  cable  housing  between  the  storage  container  and  the  exposed  tip 
w.  shielded  with  lead  bricks.  However  the  dosimeters  were  still  exposed  to 
vr.w..'.ted  radiation  as  the  source  traveled  from  the  storage  container  to  the  tip. 
'rhis  unwanted  exposure  was  determined  by  measurement  to  be  about  0.1/mR.  Correc¬ 
tions  were  made  for  this  in  the  data  analysis. 
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The  10-mR  chambers  were  charged  to  full  voltage  witl.  the  Tech/ops  charger- 
reader  and  placed  in  the  dosimeter  rack.  After  irradiation  they  were  recharged 
to  full  voltage  while  the  meter  on  the  charger-reader  indicated  a  value  propor¬ 
tional  to  the  amount  of  charge  neutralized  by  the  ionizing  radiation.  The 
readings  were  recorded  in  microamperes.  The  exposure  times  varied  from  two  to 
eight  minutes. 


The  TL-12  dosimeters  had  to  be  zeroed  by  the  read-out  process  before  use 
since  they  were  observed  to  accumulate  a  !,backgroundn  dose  of  about  1  mR  per  day. 
There  were  66  of  these  dosimeters  and,  as  will  be  pointed  out  below,  a  separate 
regression  line  had  to  be  determined  for  each.  No  less  than  ten  exposures  were 
taken  for  each  dosimeter  in  the  initial  calibration.  The  exposure  time  varied 
from  five  to  thirty- two  minutes.  The  height  of  the  glow  curve  was  recorded  for 
each  reading  in  units  of  the  scale  divisions  on  the  strip  charts. 

Since  the  response  of  the  air- equivalent  chambers  is  proportional  to  the 
density  of  the  surrounding  air  medium,  the  chamber  readings  were  normalized  to 
the  air  density  at  22°  C  and  760  mm  of  Hg.  This  was  accomplished  by  multiplying 
the  readings  by  an  air-density  correction  factor  3,  given  by 


760(273  +  T) 
295  P 


(C-l) 


where  T  is  the  temperature  in  degrees  Celsius  and  P  is  the  pressure  in 
millimecers  of  Hg. 

6.3.2  Calculated  Exposure  Rate 


The  calculated  exposure  rate  8  was  determined  from  the  following  formula: 

„„  n  -  px  -  Xd 
KS  Be  e 

O  *  —£ - - -  ;  (C— 2 ) 


4  IT  X 


where  K  = 

S  = 
c 


B  = 

y  = 


2 

flux-to-dose  conversion  factor  [mR*cm  sec/min] , 
calibration  source  strength  at  the  time  of  the  source 
calibration  [photons/sec], 

dose  build-up  factor  for  air-scattering  and  floor  reflection, 
total  linear  attenuation  coefficient  for  1.25  MeV  photons  in 
air  [cm  *] , 
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d  =  time  between  the  source  calibration  and  the  dosimeter  calibra¬ 
tion  [days], 

x  =  source  to  detector  distance  [cm], 

X  =  decay  constant  for  [days  ^]. 


One 

absorbed 


roentgen  corresponds  to  an  absorbed  dose  of  87.7  erg/g  in  air  (19) . 
dose  rate  from  a  unit  flux  of  ^Co  photons  is  given  by 


The 


*  —8 

absorbed  dose  rate  =  (E^)^  =  5.32x10  [erg/g  ♦  sec] 

where  =  1.25  MeV  =  2.00x10  ^erg, 


y^(E^)  =  0.0266  cin  /g,  the  linear  attenuation  coefficient  for  energy 

absorption  of  1.25  MeV  photons  in  air,  divided  by  the  density 
of  air  (20) , 

V y  =  unit  flux  of  1.25  MeV  photons  [photon/sec’cm  ]. 


This  absorbed  dose  rate  would  correspond  to  an  exposure  rate  (for  a  unit 
flux)  given  by, 

-8 

exposure  rate  =  (5.32  x  10  erg/g ‘sec)  (1R/87.7  erg/g)  (60sec/min) 

=  3.65  x  10  **  R/min. 

The  conversion  factor  K  becomes 

-5  2 

K  =  3.65  x  10  mR  •  cm  •  sec/min, 

2 

which  gives  the  exposure  rate  when  multiplied  by  the  flux  in  photons/  cnT-sec. 

The  calibration  source  was  calibrated  in  a  previous  experiment  which  yielded 
the  following  source  strength  as  of  August  10,  1965; 


S  =  0.246  +  0.007  Ci 
c  — 

=  1.82  x  10^  photons/sec  (21). 

There  are  two  other  contributions  to  the  radiation  incident  on  the  detector 
besides  the  unscattered  radiation.  These  are  the  radiation  due  to  air  scattering 
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and  the  radiation  which  is  reflected  from  the  concrete  floor.  The  build-up 
factor  must  therefore  have  the  form 

„  ,  .  °air  scat.  .  Dfloor  ref. 

B  =  i  +  5 - - —  +  5 - - - . 

unseat.  unseat. 

The  first  ratio  is  found  from  an  expression  for  the  build-up  factor  for  a  point 
source  in  an  infinite  air  medium  (22) . 


D  . 

air  scat. 
D 

unseat. 


0.92  r  e 


0.0632 


r 


=  0.0135; 


A 

where  r  =  yx  =  ypx  =  0.0146, 
ji  «b  0.0573  cm^/g 

3 

p  =  0.001195  g/cm  (This  is  an  average  value  for  the  atomospheric 
conditions  observed  during  the  experiments), 
x  =  213.36  cm  =  7ft. 

The  second  ratio  was  taken  from  a  report  in  which  are  tabulated  the  values  of 
the  ratios  of  the  reflected  dose  rates  for  a  source  and  detector  in  vacuum 
adjacent  to  a  semi- infinite  concrete  slab  (23) .  The  values  are  tabulated  as  a 
function  of  the  source  height  and  photon  energy.  The  value  for  a  source  and 
detector  six  feet  above  a  concrete  slab  and  for  1.25MeV  photons  was  taken  to  be 
0.018.  Hence, 


B  »  (1  +  0.0135  +  0.018)  =  1.032. 


The  attenuation  in  air  is  given  by 


e-***  - 


e"  VpX 


=  0.9855. 


X 

The  product  Be  has  the  value  1,017,  and  varied  by  less  than  0.001  for  any 
atmospheric  changes  observed  during  the  experiments. 
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The  decay  constant  for  ^ Co  in  day  ^  is  given  by 


A  = 


Jin  2 


(5.24) (365) 


0.0003624  day 


When  all  these  definitions  are  substituted  into  Ea.  (C-2) ,  the  result  is 


8  = 


(3.65xl0~5) (1.82xl01Q) (1.017)  e~°-0003624d 


(C-3) 


4  m  (213.36) 

.  101  -0.0003624d 

1.181  e 


mR/ min ; 


where  the  reference  date  for  d  is  August  10,  1965. 

6.3.3  Regression  Analysis 

It  was  assumed  that  the  dosimeter  response  q  is  related  to  the  true  exposure 
£  by  the  equation  n=85  and  that  the  observations  y^  are  distributed  normally  about 
n.  It  was  also  assumed  that  there  was  no  error  in  the  calculated  exposures.  This 
was  not  exactly  true  since  there  was  about  a  0.5  percent  uncertainty  in  the  source- 
to-detector  distance  and  some  uncertainty  In  the  exposure  time  (about  one  percent 
for  two  minutes  and  proportionately  less  for  longer  times.)  However,  these 
errors  are  considered  as  an  additional  spread  in  the  observations.  Although  there 
was  a  3.0  percent  error  in  the  calibration  source  strength  S^,  this  was  a  con¬ 
stant,  rather  than  a  random,  error.  It  was  treated  as  a  systematic  error,  and 
its  propagation  is  discussed  in  Appendix  D. 

For  a  given  dosimeter,  a  set  of  k  dosimeter  readings;  y^,  corres¬ 

ponding  to  the  calculated  exposures;  x^,  Xg^.-x^,  was  obtained  by  the  procedure 
described  above.  The  data  were  fitted  by  a  least-squares  line  through  the  origin. 
The  least-squares  estimator  b  for  the  true  value  6  is  given  by 


b  = 


J  x.y . 

L'  i  x 

V  2 


(C-4) 


where  the  summation  symbol  implies  summation  over  i  from  one  to  k.  To  use  the 
regression  line  in  reverse,  i . e to  determine  the  true  exposure  £  from  some 
new  observation  y* ,  the  observed  reading  is  divided  by  the  slope  b.  An  estimate 
of  the  standard  deviation  s^,  is  obtained  from 


2  10  ,v  2 
s£“b2  [^>'i“ 


a  \  y±)  v'2 

i-.L.-3[  1  +  Z. 
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.  2r  x 
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(C-5) 


Eqs.  (C-4)  and  (C-5)  are  taken  from  Brownlee  (2.4) . 

6.3i4  Results 

A  sample  of  ten  10-mR  chambers  was  used  to  determine  if  the  responses  of 
individual  dosimeters  were  different.  Eight  readings  were  obtained  from  each 
dosimeter  at  various  exposure  times.  A  regression  line  was  obtained  for  each 
dosimeter,  and:  the  slopes  of  each  were  compared.  There  was  no  significant  j 
difference  in  the  results.  On  this  basis  one  regression  line  was  obtained  from 
the  data  from  all  chambers. 

The  responses  of  the  TL-12  dosimeters  were  quite  different  from  one  dosi¬ 
meter  to  the  next.  A  separate  regression  line  was  determined  for  each  dosimeter. 
The  slopes  of  the  various  regression  lines  varied  by  as  much  as  fifteen  percent 
from  the  average  of  all  66  dosimeters. 

Figures  C-l  and  C-2  show  the  precision  which  could  be  expected  in  the  readings 
from  both  types  of  dosimeters. 
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6.4  APPENDIX  D,  Data  Reduction  and  Statistics 

This  appendix  detail's  all  steps  used  in  the  reduction  of  the  data.  The 
propagation  of  all  significant  errors  is  fully  discussed. 

A  brief  review  of  the  experimental  procedure  is  necessary  in  order  to 
understand  the  data  reduction  process.  Calibration  curves  (regression  lines) 
were  determined  for  the  dosimeters  as  described  in  Appendix  C.  An  experiment 
in  the  test  house  consisted  of  placing  the  dosimeters  in  the  house,  circulating 
the  pumped  source  in  one  of  the  three  tubing  areas  of  the  test  field,  and 
reading  and  recording  the  accumulated  doses.  Generally,  each  experiment  *  or 
run,  was  repeated  three  times  for  each  tubing  area. 

The  first  step  in  the  data  reduction  is  to  convert  the  reading  from  each 

dosimeter  D  to  a  corrected  exposure  D  in  milliroentgens .  This  is  done  by 
m  c 

dividing  the  dosimeter  reading  by  the  slope  b,  from  Eq.  (C-4),  of  the  regression 

line  for  the  dosimeter.  An  estimate  of  the  standard  deviation  sQ  is  determined 

c 

f^om  Eq.  (C-5).  For  the  10-mR  chambers,  the  reading  is  first  multiplied  by  8, 
from  Eq.  (C-l) ,  to  correct  for  the  density  of  air  at  the  time  of  the.  measurement. 
The  corrected  dose  is  then  converted  to  a  reduction  factor  Q,  for  one-quarter 
symmetry,  according  to  the  following  formula: 


(D-l) 


where  A  is  the  tubing  area  in  square  feet  used  in  the  run,  Sp  is  the  source 

strength  in  curies  of  the  pumped  source  used  in  the  run,  T  is  the  time  in  hours 

which  elapsed  while  the  source  traversed  the  tubing  area,  and  Dq  is  the 

3 

reference  dose  rate.  The  value  of  Dq  is  taken  to  be  480x10  mR/hr  for  a  point 
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loc  ted  three  feet  in  air  from  an  air-ground  interface  at  22 °C  and  760  mm  of  Kg. 
The  interface  is  the  source  plane  with  an  intensity  of  one  curie  per  square 
foot  (6) . 

The  factors  A,  T,  and  D  are  assumed  to  be  without  error.  The  fact  that  D 
may  not  be  known  accurately  is  irrelevant  to  the  consideration  of  experimental 
errors.  If  one  compares  the  results  of  these  experiments  with  theory  or  with 
other  experiments,  the  uncertainty  in  this  factor  is  eliminated  by  normalizing 
both  sets  ,of  data  to  the  name  reference  dose  rate.  The  corrected  dose  contains 
the  factor  Sc  the  calibration  source  strength,  see  Eq.  (C-4) ,  which  has  an  associ¬ 
ated  standard  deviation  s_  which  has  not  been  included  in  .  Similarly  the 

c  c 

pumped-  source  has  an  associated  standard  deviation  sg  .  These  are  systematic 

P 

errors  and  should  not  be  propagated  along  with  the  random  errors  in  the  inter¬ 
mediate  steps  of  the  data  reduction.  It  should  be  noted  that  the  factor  S  /S 

c  p 

is  present  and  separable  in  ail  succeeding  values  in  the  data  reduction.  The 
standard  deviation,  not  including  source  uncertainties,  for  the  value  Q  is 


s 


Q 


A  „ 

=S  T  D  SD 
p  o  c 


(D-2) 


Since  each  experiment  was  repeated  a  number  of  times  in  the  three  tubing 
areas,  the  subscripts  i  and  j  are  assigned  to  Q  to  differentiate  the  results  of 
the  various  runs.  The  first  subscript  refers  to  the  tubing  area,  while  the  second 
subscript  refers  to  one  of  a  series  of  runs  from  the  same  tubing  area.  Thus, 
refers  to  the  jth  run  in  the  ith  tubing  area.  An  average  value  is  deter¬ 
mined  according  to 


n 


1  “ 
£  J 


(D-3) 


Jt 


where  n  is  the  number  of  times  an  experiment  was  repeated  in  the  same  area. 
As  an  estimate  of  the  standard  deviation  of  Q^,  one  might  use  the  formula 


,2  1  r  2 

S1  =  ~ 2  ^  so  » 

Q  n  j-1  ^ij 


(D-4) 


since  sn  is  the  estimate  of  the  standard  deviation  on  each  value  Q, However, 

Qu  y 

the  only  uncertainty  used  to  obtain  s  was  s  which  is  a  measure  of  the  ran- 

c 

domness  of  the  dosimeter  readings  in  the  calibration  experiment.  In  the  experi¬ 
ments  in  which  values  of  Q  were  determined,  a  number  of  new  variables  were 
introduced  which  were  not  controllable  and  may  have  varied  from  one  run  to  the 
next.  Generally,  the  results  from  runs  in  the  same  area  agreed  within  the  pre¬ 
cision  indicated  by  s  .  There  was,  however,  in  some  cases  such  poor  agreement 

^ij 

among  the  Q  that  the  validity  of  the  s  was  suspect;  i.e.,  cases  where,  say, 

J  qij 

in  comparing  runs  k  and  1  that  Q.,  +  2s  <  ~  sr»  >  or  in  other  cases  where 

lk  il  % 

Q.,  +  s_  <  Q.,  <  Q.  -  s  ,  .  To  account  for  the  spread  of  the  data  in  those 

'ik  Q1r  ^il  "i. 

cases,  another  terni  is  added  to  s'  to  give  a  better  estimate  of  the  standard 

Qi 

deviation  on  the  average: 


2  _  ,2  ,  1  "  -  ,2 

S-  “  s-  +  n(n-l)  ^  ^  * 

nv.n  j=1  xj 


(D-5) 


Reduction  factors  for  full  symmetry ,R^, are  obtained  by  summing,  over 
the  symmetric  points  in  each  quadrant,  the  average  values  of  the  reduction 
factors  for  one-quarter  symmetry.  For  a  general  off-center  location,  this  sum 
is  represented  by 
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\  -  f  ♦  f  +  if  +  Q™ 


i  * 


(D-6) 


where  the  superscripts  differentiate  the  four  quadrant  points.  For  a  location 
along  the  east-west  or  north-south  centerline  of  the  house,  the  following 
formula  is  used: 

\  -  2  [Qj  +  Q®1  <R±  =  2  [Q®  +  qJ]  ),  (D-7) 

where  the  superscripts  differentiate  the  symmetric  points  on  the  respective 
centerlines.  The  full-symmetry  value  for  a  point  along  the  vertical  center- 
line  is  just  four  times  the  quarter-symmetry  value.  The  estimates  of  the 
standard  deviation  s  are  propagated  accordingly  to  obtain  s  . 


The  method  used  to  obtain  the  far-field  reduction  factor  R^  and  its 

associated  standard  deviation  s_  is  detailed  in  Appendix  E.  It  should  be 

Rf 

noted  that  the  ratio  Sc/S  can  be  factored  from  R^,  see  Eqs.  (E-2),  (E-9),  and 
(E-10).  The  total  experimental  reduction  factor  R^  is  given  by 


*T  "  Rf  +  Z  V 

i=l 


and  the  estimate  of  the  variance  by 


(D-8) 


(D— 9 ) 


The  estimate  sR  indicates  the  precision  of  the  experimental  values.  It  may 
be  used  in  comparing  values  from  similar  experiments  using  the  sources  Sc  and 
S  ,  However,  if  one  wishes  to  compare  these  results  with  theoretical  values 
or  values  obtained  from  experiments  using  different  sources,  the  systematic 
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error  in  the  source  strengths  must  be  included.  The  standard  deviation  in  the 

final  results,  including  the  systematic  errors,  is  labeled  a  even  though  it  is 

*T 

an  estimate.  This  value  is  obtained  from  the  preceding  values  according  to  the 
following  derivation: 


S  a 

=  S”  *T 
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Y 


All  uncertainties  quoted  in  this  work  refer  to  this  value,  a. 


132 


6,5  APPENDIX  E,  Far  Field  Contribution  and  Associated  Statistics 

/< 

Since  measurements  could  only  be  obtained  from  a  simulated  contaminated 
field  of  finite  radius,  the  contribution  from  the  contaminated  area  beyond  that  / 

radius  (to  infinity)  has  to  be  estimated.  This  estimate  is  referred  to  as  the 
far-field,  or  far-field  contribution.  The  method  of  Kaplan  (15)  was  used  to 
obtain  the  far-field  contribution.  A  basic  description  of  this  method  and  a 
means  for  estimating  the  uncertainty  in  the  far-field  are  given  here. 

6.5.1  Theory 

Kaplan's  method  is  based  on  the  equation 

Ri  =  aDDi  +  aSSi  (E“1) 


where  R,  is  the  measured  dose  rate  from  the  ith  annular  area  in  the  contaminated 
i 

plane;  and  are  the  structure  attenuation  coefficients  for  the  direct  and 
skyshine  radiation,  respectively;  and  D_^  and  are  the  direct  and  skyshine 
free-field  dose  rates,  respectively.  A  free-field  dose  rate  is  defined  here  as 
the  dose  rate  that  is  obtained  from  an  unshielded  detector  which  is  three  feet 
above  the  center  of  the  source  annulus.  These  numbers  can  be  obtained  from 
theoretical  calculations.  Direct  radiation  refers  to  unscattered  plus  up-scattered 
radiation  with  respect  to  the  detector.  The  structure  attenuation  coefficients 
are  simply  quantities  which  satisfy  the  equation.  Although  the  quantities  R^, 
c^,  and  t*g  are  functions  of  the  detector  position  inside  the  structure,  it  is 
assumed  that  one  particular  location  is  under  consideration;  therefore  no 
functional  dependence  is  indicated. 

The  fundamental  assumption  of  the  method  is  that  the  quantities  a  and  a„ 

U  u 

are  invariant  with  respect  to  the  dimensions  6f  the  source  annulus.  Kaplan  states 
that  this  is  true  as  long  as  the  separation  between  the  source  and  the  structure 
is  greater  than  the  dimensions  of  the  structure.  If  one  has  measurements  from 
at  least  two  annular  source  areas,  then,  under  this  assumption  the  quantities 
•ip  and  can  be  determined  from  Eq,  (E-l).  With  these  values  the  far-field 
contribution  R^  is  given  by 


D°f  + 


SSf5 


(E-2) 


133 


where  and  are  the  free-fiela  dose  rates  from  the  far-field  area. 

If  each  term  in  Eqs.  (E-l)  and  (E-2)  is  divided  by  the  reference  dose  rate 

D  ,  then  and  a„  relate  the  measured  reduction  factors  to  the  f fee-field 
o’  D  S 

reduction  factors.  In  this  work,  reduction  factors  rather  than  dose  rates  are 
dealt  with. 

6.5.2  Calculations 

The  values  a ^  and  are  computed  from  a  system  of  three  equations  of  the 
form  of  Eq.  (E-l)  corresponding  to  the  three  source  annuli: 


=  a„D, 

+ 

a_S, 

D  1 

S  1 

=  «  D_ 

+ 

a_S- 

D  2 

S  2 

=  a_D„ 

+ 

a„S_  . 

D  3 

S  3 

(E-3) 


The  left  hand  side  of  each  equation  has  an  independently  determined  variance 
2 

sR  .  In  the  determination  of  the  variances  of  and  ag,  it  is  desirable  to 

have  a  set  of  data  in  which  all  points  have  the  same  variance.  Since  one  point 

2  2 
with  variance  o  is  equivalent  to  n  points  with  variances  no  ,  a  set  of  weighting 

factors  is  obtained  which  will  transform  the  system  of  equations  into  an 

equivalent  set  in  which  the  left-hand  side  of  each  equation  has  equal  variance. 

The  weighting  factor  for  the  ith  equation  is  given  by 


w. 


3 

n  s 
1=1 


R, 


R. 


The  weighted  equations  are  of  the  form 


Ri  =  Vi  +  Vi 5 


(E-4) 


(E-5) 


where  =  w^R^,  an^  “  wi^i‘  vai'iance  °f  each  member  of  the 

left  hand  side  of  the  weighted  equations  is 
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(E-6) 


In  matrix  notation  the  system.. can  be  written  as  R  *  A  X;  where  R  is  the  three- 

x 

element  vector  of  measured  reduction  factors ,  A  is  the  three-by-two  matrix  of 
free-f ield  reduction,  factors and  X  is  the  two-element  vector  of  unknowns .  The 
least  squares  solution  of  the  overdetermined  system  is  given  by 


X  =*  (AT  a)"1  at  R. 


(E-7) 


The  expressions  for  a ^  and  a g,  the  elements  of  X,  can  be  written  in  terms 
of  the  elements  of  A  and  R  with  the  aid  of  the  following  definition: 


Y  -  1/  [  I  D*  I  S*  -  (£  bj  spq 


where  the  summation  symbol  implies  summation  over  i  from  one  to  three. 
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From  the  principle  of  maximum  likelihood,  it  can  be  shown  that  the  variance 

=T  =  -1 

of  the  estimators  a  and  a0  are  the  diagonal  elements  of  the  matrix  (A  A)  times 
the  variance  s^  (25) .  Explicitly,  these  values  are 
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The  estimate  of  the  far-field  is  then,  determined  from  Eq.  (E-2) ..  The 

variance  of  Rf  is  obtained  by  propagation  of  the  s  and  s  : 

r  aD  aS 

o  7  7  2  2 

Sp  =  d;  s‘  +  s;  s  .  (E-13); 

Rf  f  aD  -  ctg 

The  free  field  reduction  factors  were  determined  from  moments  method  cal-^ 


culations  of 

Rubin  (18) .  The 

numbers  used  are  tabulated  below; 

Annulus 

Inner  radius 

Outer  radius 

D 

S 

1 

19'* 

O 

CO 

0.2513 

0.007662 

2 

o 

00 

125' 

0.07246 

0.005791 

3 

125' 

169' 

0.04608 

0,005381 

f 

169' 

00 

0.2017 

0.06433 

Using  the  data  from  the  first  tubing  area  apparently  violates  the  condition  that 
the  source  should  be  a  distance  away  from  the  structure  at  least  as  large  as 
the  dimensions  of  the  structure.  However,  after  some  initial  calculations,  it 
was  decided  that  the  inclusion  of  this  data  helped  to  balance  the  effects  of 
random  errors  in  the  data  from  the  second  and  third  areas.  Two  sets  of  the  values 
aD  and  were  computed  for  a  number  of  detector  locations.  One  set  was  deter¬ 
mined  from  the  first  two  equations  of  Eqs.  (E-3) ,  while  the  other  set  was  deter¬ 
mined  from  the  last  two  equations  of  Eqs.  (E-3).  The  discrepancies  between  the 
two  sets  of  values  seemed  to  be  random  which  indicated  that  no  systematic  error 
was  introduced  by  including  the  data  from  the  first  area.  However,  had  the  outer 
radius  of  the  first  tubing  area  been  less  than  about  40  feet  this  may  not  have 
been  the  case. 


*Since,  in  the  actual  test  field,  the  inner  boundary  of  the  first  tubing  area 
was  a  30'  x  40'  rectangle,  an  effective  radius  for  this  area  was  determined.  It 
was  defined  as  the  radius  of  the  disk  which  subtends  the  same  solid  angle  as  the 
rectangular  area  at  a  height  of  three  feet  above  the  center. 
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The  method  used  in  estimating  the  far  field  contribution  is  not  without 
difficulties.  It  was  found  in  this  work  that  in  several  cases  the  structure 
attenuation  coefficients  determined  from  the  least  squares  analysis  of  the 
,<3ata  were  negative  or  larger  than  unity.  Those  detector  locations  which  were 
above  grade  but  still  below  the  basement  ceiling  presented  the  most  problems. 
It  is  felt  that  the  method  is  very  sensitive  to  small  fluctuations  in  the 
measured  exposure  rates.  This  may  be  seen  by  inspecting  the  algebraic  expres¬ 
sions:  for  the  structure  attenuation  coefficients  which  result  from  the  least 
squares  formulation  (equations  E-8  through  E-10) ,  Both  the  numerator  and  the 
denominator  of  the  expressions  are  very  likely  to  be  the  difference  of  two 
relatively  large  numbers,  which  will  result  in  a  very  significant  loss  of 
accuracy  and  may  also  result  in  physically  unrealistic  coefficients  .> 

In  some  cases^  in  this  work  the  structure  attenuation  coefficients  were 
(such  that  a  negative  far  field  estimate  was  calculated.  In  order  to  try  to 
avoid  this  situation  the  following  procedure  was  adopted.  Initially  all 
three  tubing  areas  were  used  in  the  analysis  as  previously  discussed.  If  a 
negative  far  field  estimate  was  calculated  the  result  was  rejected  and  a  new 
calculation  was  performed  using  only  the  outer  two  tubing  areas  in  the  analy¬ 
sis.  This  calculation  is  not  least  squares,  but  merely  the  solution  of  two 
simultaneous  equations  in  two  unknowns.  Standard  deviations  were  calculated 
using  normal  propagation  of  error  techniques.  In  some  isolated  cases  this 
second  calculation  did  not  correct  the  situation.  In  these  cases  an  attempt 
was  made  to  estimate  the  far  field  contribution  on  the  basis  of  the  estimates 
calculated  at  other  similar  detector  locations  or  on  the  basis  of  calcula¬ 
tions  made  at  surrounding  location?  .  Little  confidence  can  be  placed  in 
these  estimates  as  evidenced  by  the  associated  standard  deviations. 

It  should  be  noted  that  out  of  the  nearly  350  data  points  presented  in 
this  work  about  12  percent  of  them  had  negative  far  field  estimates  after 
the  first  calculation.  After  the  second  calculation  only  about  ten  data 
points  had  negative  far  field  estimates.  It  should  also  be  noted  that  no 
experimental  data  are  presented  for  Houses  15,  16,  17,  and  18  since  it  is 
felt  good  estimates  of  the  reduction  factors  can  be  obtained  from  the  data 
for  the  corresponding  "thin  walled"  experiments,  as  evidenced  by  comparing 
Houses  1  and  12  for  instance. 


